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MECHANICAL  ENGINIIEKING 


General 

Influence  of  Prime  Mover  Charac- 
teristics   on    Power    Station   Economy 

— J.  R.  Bibbins.  C-7,  W-22UO.  Vol. 
HI,   p.    566,   Oct.   '06. 

Tests  of  Iiargre  Shaft  Bearings — 
Albert  Kingsbury.        Experimental 

tests  on  bearings  for  5  000  kw  Niag- 
ara generators.  T-1,  C-2,  D-1,  I-l, 
W-950.    Vol.   Ill,  p.  464,  Aug.,  '06. 

XiUhrication  of  Bearings — A.  M. 
Mattice.        Various  methods.        Oil 

grno\-es.  temperature.  W-2100,  Vol. 
ill,  p.   323,  June,  '06. 

Drilling-  Small  Square  or  Hexago- 
nal Holes.  Description  of  tools  used 
and  their  action.  1-3,  W-600.  Vol. 
I,  p.   4S9,  Sept.,   '04. 

Speed  Indicator :  Approximate 
Work — M.  H.  Bickelhaupt.  A  device 
to  sliow  approximately  when  the 
speed  has  reached  a  certain  point. 
I-l,   W-350.      Vol.   I,    p.    181,    Apr.,   '04. 

Gas 

Gas  Ajngines  in  Electric  Railway 
Service —  J.  B.  Bibbins.  Suitability; 
operating  cost,  gas  vs.  steam  power; 
cunchisions.  T-3,  C-5,  1-3,  W-2200. 
^'ol.   II,  p.   65S,  Nov.,  '05. 

Gas  Power  Plants — A.  M.  Gow. 
Economical  advantages;  suitable 
gases;  producer  gas  and  producers; 
gas  analyses.  T-2,  W-3500.  Vol.  I, 
p.    65,    Mch..   '04. 

Testing,  Shop,  of  Gas  Engines— E. 
E.  Arnold.  Experimental  and  com- 
mercial testing.  Equipment  for  a 
shop  testing  plant.  Conduct  of  a 
test.  T-1,  C-1,  1-6,  W-1500.  Yol  I, 
p.    522.   Oct.,    '04. 

European  Gas  Engine  Practice — • 
Rudiilpli  Wintzer.  W-1600.  Vol. 
Ill,   p.    642,   Nov.,    '06. 


Points  on  the  Operation  of  the 
Warren  &  Jamestown  Single-Phase 
Railway  by  Gas  Engines.  T-3,  C-2, 
I-l,  W-2300.  Vol.  Ill,  p.  441,  Aug., 
'06. 

Warren  Gas  Power  Plant — J.  R. 
Bibbins.  Conditions  and  cost  of  op- 
eration. Equipment  details.  T-1, 
C-4,  1-2,  W-1800.  Vol.  Ill,  p.  205. 
Apr.,  '06. 
ture — E.   H.  Sniffin.    W.-600.    Vol.   Ill, 

(E)  Gas  Power,  Present  and  Fu- 
p.   181. 

Steam 

Superheated  Steam — Ultimate  Com- 
mercial Value — J.  R.  Bibbins.  Puwer 
liduse  ojieration.  Steam  and  dial 
consumption.  Troubles,  energy  trans- 
formations, properties.  TIT,  C-5,  \V- 
3200.      Vol.   III.  p.    141,  Mar.,   '06. 

Steam  Turbine — Francis  Hodgkin- 
son.  Advantages;  steam  action:. 
^^'estinghouse  turbine;  curves  and 
tests  under  various  conditions.  T-11. 
C-1,  1-7,  W-3200.  Vol.  I,  p.  84,  Mvh.. 
'04. 

Turbines,  Commercial  Testing  of 
Steam — A.  (!.  Chiistie.  Testing  lloor 
and  apii.'ii'atus;  method  of  testing: 
data;  results;  cur\-es.  T-2.  D-1.  I-s, 
\V-3200.      Vol.    I,  p.   387,   Aug..    '04. 

High  Vacua  and  Superheat  in 
Steam  Turbines — J.  R.  Bibbins. 
Economy;  test  and  curves  from  Par- 
sons turbine;  deductions  (E>.  p.  103. 
T-1.  C-5,  W-1400.  Vol.  II,  p.  151. 
Mch.,  '05. 

Steam.  Turbine  Situation — Edward 
II.  Sniffin.  W-Ooo.  Vol.  Ill,  p.  21. 
Jan..   '06. 

Vanes,  Durability  of  Steam  Tur- 
bine— J.  R.  Bibbins.  Reascms  fcr 
long  life.  1-4.  P-2,  W-SOO.  Vol.  II, 
p.    36'J,   June,   '05. 


ELECTRICAL  ELNGINEERING 

GENERAL 


MATERIALS 


Copper  and  Its  Alloys — Poundry 
Practice — ^\'.  J.  Reardon.  Reiiuiie- 
tneiils  for  prodticing  successful  cast- 
ings. Temperature  determination. 
Hearing  metals;  precautions  in  mix- 
ing. Sand  and  the  sand  conveyor. 
1-2,   W-1600.      Vol.   I,   p.    lOS,   Mch.,   '01. 

Gauging  of  Materials — C.  C.  Tyler. 
SNslcni  ;i(ln)iliMl  li\-  llie  Westinglu>iiso 
lOlcclric  .V-  Mfg.  Co.  W-600.  Vol.  I, 
p.    :!nt.    Jiiuo.    '(11. 

Steel,  Testing  of  Sheet — C.  E.  Skin- 
ner. Points  to  be  considered.  Cliem- 
ical  test.  Loss  tests — Hysteresis; 
loss  — -  Ewing  Hysteresis  meter. 
Eddy-current  loss.  The  transformer 
method;  the  armature  method.  De- 
scription of  dynamometer  used. 
Tests  for  aging.  Permeability  tests. 
T^amb  and  AValker  Permeability 
Meter.  1-3,  W-3000.  Vol.  I,  p.  333, 
.Inly.    '04. 

Water-proofflng  Compounds  in 
Transformers.     Soluble  and   insoluble 


ones.       Danger      from      soluble      ones. 

w-:'.5i).    \-oi.  n.  p.  r:s,  vch.,  -o:,. 
Insulation 

Insulation:  Resistance  and  Dislec- 
tric  Streug-th;  Method  of  Msasure- 
ment — H.  10.  WoiUman.  ('.i\i's  c.v- 
planatlon  of  the  iwo  tests  and  melh- 
ods  for  same.  D-1.  W-SOO.  Vol.  1. 
p.    5  11.    Oct.,   '04. 

Insiilation- — O.  B.  Moore.  Relation 
of  oliniic  resistani'O  and  dielectric 
strength.  Tcsls.  Curves.  C-3.  D-l. 
W-2400.      Vol.    IF.   p.   ;;33.   .lune.    "05 

Compressed  Gas:  Insulator — Har- 
ris J.  Ryan.  Increase  of  illelectrii" 
strength  i)f  gas  under  pressure.  T-1, 
C-3.  D-7,  W-2IOti.  Vol.  II.  p.  429, 
Julv.    '05. 

Oil-Switch  Work,  Oil  for.  Re- 
quirements for  the  oil.  W-150.  Vt>l. 
11.   p.    12S,   Feb..  '05. 

Taping — C.  Stephens.      Purpose  and 


kinds  of  tape.  Different  uses  for 
the  three  general  classes  of  tape. 
1-1.  W-800.      \^ol.    II.  p.   258,   Apr.,   'Of.. 


Varuished  Cloth  Cables  for  Higrb 
Voltage  Service  lien  ly  VV.  Fisher. 
W-SOO.        \r,|.    J  I  I,    p.     z;!;"),    Apr.,    'Hi,. 


MEASUREMENT 


Qeneral 

Current  Measuring  —  Three-phase 
System  —  Two  Transformers,  ("on- 
noctiuns;  nietliod  uf  mea.suioment. 
n-1,    W-20U.      Vol.    1,    p.    1^47,    May    '04. 

Power  in  Polyphase  Circuits  toy 
Single-Phase  Wattmeters  —  R.  K. 
VVorkiiiun.  lOxpl.iiial  ion ;  cmiiiection.s. 
D-li,    W-liOO.      Veil.   1,    p.    071,   Dec,    '04. 

Kathode  Bay  Oscillograph  —  R. 
Rankin.  Ryan  osciUograpli;  descrip- 
tion; use;  some  results  (K).  Ohas. 
P  Scott,  p.  G4t;.  D-1.  I-ll,  W-4000. 
Vol.   II,   p.    620,  Oct.,   '05. 

Meters 

Handling    Electrical    Instruments — 

H.  B.  Taylor.  Causes  affecting  ac- 
curacy; corrections;  precautions.  D-2, 
W-3000.      Vol.   II,   p.    474,   Aug.,   '05. 

Beading'  Error  of  Indicating  In- 
struments— B.  B.  Brackett.  Causes 
and  suggested  remedies.  (E)  F. 
Conrad,    p.     709.       C-1,    W-1000.       Vol. 

II,  p.    704,    Nov.,   '05. 

Progress  in  Instrument  Design — 
Paul  MacGahan  (E).  Development 
of  alternating-current  instruments. 
W-350.     Vol.   II,   p.   520,  Aug.,  '05. 

Error  in  Instruments  Due  to  Wave 
Form — K.    E.    Sonimer.      W-300.      Vol. 

III,  p.   5'J9,  Oct.,   '06. 
Maintenance     and     Calibration     of 

Service  Meters — William  Bradshaw. 
Methods  of  calibrating  wattmeters. 
C-3,  W-2600.  Vol.  Ill,  p.  390,  July, 
'06. 

Potentiometer  for  Measuring  Iiow 
Besistance — H.  B.  Taylor.  Construc- 
tion; operation;  advantages.  D-1, 
1-2,  W-2300.  Vol.  Ill,  p.  686,  Dec, 
'06. 

The  Oscillograph — S.  M.  Kintner 
(E).  W-425.  Vol.  Ill,  p.  543,  Oct., 
'06. 

Dynamometers — "A.  C."  and  "D. 
C." — E.  R.  Cross  and  R.  E.  Work- 
man. Advantages;  disadvantages; 
precautions.  W-200.  Vol.  I,  p.  34, 
Feb.,    '04. 

Reverse  Current  Belays — P.  Mac- 
Gahan and  C.  W.  Baker.  Perform- 
ance; operation;  connections.  C-2, 
D-2,  W-1200.  Vol.  Ill,  p.  470,  Aug., 
'06. 

(E)  S.  Q.  Hayes.  Uses  and  oper- 
ation.     W-500,    p.    426. 

Frequency  Meters  —  F.  Conrad. 
Types;  construction.  W-800.  Vol. 
Ill,  p.   535,   Sept.,  '06. 


A  Polarity  Indicator — K.  E.  Som- 
mer.  W-250,  Vol.  HI,  p.  oUS,  Oct., 
■06. 

Graphic  Becordlng  Meters.  Detail- 
ed description.  D-1,  I-l.  Vol.  Ill,  p. 
297,  May,   '06. 

(EJ  Paul  MacGahan.  Disadvan- 
ta.ges  of  older  types  and  points  re- 
garding the   new.      W-475,   p.    245. 

Power  Factor  Meter  Connections. 
Construction  and  action.  Diagrams. 
D-2,    W-400.      Vol.   I,   p.    368,   July,   'o4. 

Power  Factor  Meters  and  Their  Ap- 
plication —  Paul  MacGahan.  Uses; 
principles;  construction.  Detecting 
errors  in  connections.  D-11,  1-2,  W- 
2200.      Vol.    I,    p.    462,    Sept.   '04. 

Power  Factor  Meter,  Test  of  a. 
Correction  for  change  of  frequency; 
method  of  calibration.  D-1,  W-600. 
Vol.    I,   p.   554,    Oct.,   '04. 

Indicating  Wattmeters  —  E.  R. 
Cross  and  R.  E.  Workman.  Effect  of 
phase  difference  between  current  and 
voltage;  harmful  effect  of  low  power 
factor.  D-1,  W-600.  Vol.  I,  p.  33, 
Feb.,   '04. 

Method  of  Calibrating  Wattmeters 
— H.  B.  Taylor.  Arrangements  of 
circuits  to  get  different  loads  and 
phase  relations.  D-2,  I-l,  W-1900. 
Vol.   Ill,   p.    624,   Nov.,   '06. 

A  Hot  Wire  Ammeter  —  E.  C. 
Wheeler.  W-225.  Vol.  Ill,  p.  360, 
June,  '06. 

Kelvin  Sector  Type  Ammeters  and 
Volt  Meters — M.  C.  Rypinski.  The- 
ory. Dsecription.  1-3,  D-1,  C-2,  W- 
1500.      Vol.   HI,  p.  588,   Oct.,  '06. 

VOItTMETEBS 

Voltmeter  —  Automobile.    Use  and 

construction.  C-1,  W-200.  Vol.  I,  p. 
428,  Aug.,    '04. 

Voltmeters — "D.  C"  and  "A.  C." — 
E.  R.  Cross  and  R.  E.  Workman. 
Precautions  to  be  observed  in  their 
use.      W-350.      Vol.    I,   p.    33,  Feb.,    '04. 

Differential  Voltmeter  —  H.  W. 
Peck.  Description;  use;  connections. 
W-200.      Vol.  II,   p.    102,   Feb.,  '05. 

Voltmeter ,  Induction  Type,  Cor- 
rections for  Change  of  Temperature. 
Explanation  of  variation  of  torque 
with  temperature;  methods  of  com- 
pensation. W-300.  Vol.  I,  p.  555, 
Oct.,  '04. 

Voltmeter,  Type  F,  "A.  C."  Series 
Besistance  for.  Object  of  series  re- 
sistance; conditions  necessary  for  in- 
dependence of  frequency.  W-200. 
Vol.   I,  p.   427,   Aug.,   '04. 


THEORY 


Induction  in  Transmission  Cir- 
cuits— Chas.  F.  Scott.  Physical  re- 
lations between  current,  field  and 
e.  m.  f.  of  self  and  mutual  induction. 
T-1,  D-10,  W-3600.  Vol.  Ill,  p.  81, 
Feb..   '06. 

E.  M.  F.'s  Induced  in  Parallel  Cir- 
cuits— A.    W.   Copley.     Solution    of  ex- 


amples.     T-1,   D-1,   W-1150.      Vol.    Ill, 
p.    437,    Aug..    '06. 

Calculation  of  the  E.  M.  F.'s  Induc- 
ed in  Transmission  Circuits — Chas. 
F.  Scott.  Methods  and  constants  for 
determining  the  e.  m.  f.  of  mutual 
and  self-induction  in  parallel  cir- 
cuits. T-1.  I-l.  W-2000.  Vol.  Ill,  p. 
334,   June.   '06. 


Alternating--Current  Diagrams,  Ap- 
plications of — V.  Karapetoff.  Ele- 
mentary examples  of  circuits  con- 
taining ohmic,  inductive,  and  three 
combinations  of  these  resistances, 
with  practical  examples.  D-14,  W- 
3000.     Vol.  I,   p.   159,  Apr.,  '04. 

Resistances  in  parallel;  determina- 
tion of  inductive  load  for  given  pow- 
er factor;  resistance  of  series-par- 
allel arrangement;  power  factor  of 
transmission  system;  resistances  for 
quadrature  e.  m.  f.'s;  corrections  for 
iron  and  copper  losses  in  choke  coils. 
D-13,   W-2400.      Vol.    I,  p.  205,  May,  '04. 

Induction     Motor     Diagrams  —  V. 

Karapetoff.  Vectorial  representation 
of  relations  between  primary,  secon- 
dary, and  leakage  flux,  also  primary 
and  secondary  voltages.  D-2,  W- 
1500.     Vol.  I,  p.   606,  Nov.,  '04. 

Circle  of  input;  explanation  and 
application.  Torque,  speed  and  out- 
put. Methods  of  obtaining  necessary 
experimental  data.  Motor  slip.  D-4, 
W-4200.     Vol.   I,  p.  658,   Dec,   '04. 

Guide  for  the  use  of  the  Heyland 
diagram.  Construction,  explanation 
and  illustration.  See  p.  658,  Dec, 
'04.  C-3,  D-1,  W-1500.  Vol.  II,  p. 
118,  Feb.,  '05. 


Transformers  —  Applications  of 
Alternating'-Current    Diagrams    —  V 

Karapetoff.  Three  applications  of 
the  diagram  are  considered:  (1)  ideal 
transformer;  (2)  influence  of  iron 
loss;  (3)  influence  of  copper  loss  and 
leakage  flux.  D-5,  W-2000.  Vol.  I 
p.   279,  June,   '04. 

(4)  Approximate  practical  dia- 
gram; (5)  experimental  determina- 
tion of  inductive  resistance  of  a 
transformer;  (6)  Kapp's  diagram  for 
pre-determination  of  drop  and  regu- 
lation; (7)  diagram  of  auto-trans- 
former. Explanation;  diagrams;  ex- 
amples. D-8,  W-2200.  Vol.  I,  p  410 
Aug.,    '04. 

Begulation  of  Alternators — V.  Kar- 
apetoff. Diagrams  of  an  alternator. 
Condition  for  constant  terminal  e.  m. 
f.  Inductive  drop  and  demagnetizing 
effect  of  armature.  D-5,  ■W-3200 
Vol.   I,  p.   532,   Oct.,  '04. 

Equivalent  Current,  Voltage  and 
Besistance  of  Polyphase  Machinery 
— V.  Karapetoff.  Rules  deduced  for 
finding  equivalent  current,  voltage 
and  resistance  for  polyphase  appa- 
ratus; examples.  D-4,  W-900.  Vol 
I,   p.   471,    Sept.,    '04. 

A  Chart  for  Use  in  Magnet  Desig-n- 
ing — L,.  F.  Howard.  D-1,  W-1200. 
Vol.    Ill,  p.    408,   July,   '06. 


GENERATION 

(AND   ALL    PARTS    OF    ROTATING    MACHINES 

POWER-PLANTS 


Central     Station     Development — W. 

C.  L.  Eglin.  Tendency  toward  the 
reduction  of  mechanical  complica- 
tions. Remodeling  of  Phila.  Electric 
Co.'s  power  house.  1-2,  W-400.  Vol. 
I,   p.   299,   June,   '04. 

Installation  of  a  Transmission 
Plant — Story  of  some  experiences  in 
installing  tlie  apparatus.  Trouble 
with  the  rotary  converter;  commuta- 
tion and  pumping.  Copper  dampers. 
Telephone  troubles.  1-4,  W-2300. 
Vol.   II,  p.  3,   Jan.,   '05. 

Northern  California  Power  Co. — G. 
W.  Appier.  Troubles;  dirt  in  pen- 
stock; prevention;  maintaining  serv- 
ice; telephone  line  on  power  line 
poles.  D-2,  W-1000.  Vol.  II,  p.  576, 
Sept.   '05. 


Ontario  Power  Co.  Photo — 3000 
kw  62000  volt  transformer.  Descrip- 
tion  p.   611.     Vol.  II.   p.    5SS,   Oct.,   '05. 

Operation:     Distribution  —  H.      G. 

Stott.  Interborough  Uai)id  Transit 
Co.  of  New  York.  Incidents  and  con- 
clusions. 1-2,  \V-ir>00.  Vol  II,  p. 
27S.   May.   '05. 

Philadelphia  Rapid  Transit  Co. 
Photo  —  4-1, 'jOO  kw.  Westinghouse 
turbine  alternator  units.  Corliss 
units  in  background.  Vol.  II,  p.  524. 
Sept.,  '05. 

Station  Wiringr — H.  W.  Buck.  In- 
stallation of  electric  cables;  arrange- 
ment of  cables  of  various  voltages; 
cable  coverings  and  ducts;  ventila- 
tion; flre-prooflng.  1-3,  W-2000.  Vol. 
I,   p.   123,   Apr.,   "04. 


DYNAHOS  AND   MOTORS 


General 

Tesla  Motor  and  the  Polyphase 
System — Chas  F.  Scott  (K).  History 
of  the  Tesla  Inventions,  and  effect  on 
modern  electrical  power  work.  W- 
600.      Vol.   I,  p.  558,  Oc't..  '04. 

Dynamo  and  Motor  Pulleys — T.  D. 
Lynch.  Standard  desisns.  I-IO,  W- 
1150.      Vol.    Ill,   p.    59;i,'{)c't..    '00. 

Performance  of  Motors  Under  Ab- 
normal Conditions  (E) — Clias  I' 
Scott.  W-900.  Vol.  Ill,  p.  424,  .Vur., 
'06. 

Prony  Brake  for  Small  Motors — C. 
R.  Dooley.  1-2,  W-350.  Vol.  Ill,  p. 
523,    Sept.,   '06. 


Grounded  Neutrals  in  a  High  Ten- 
sion Plant —C.  \V.  Ricker.  K.xpon- 
enco  of  tlie  Interborough  Rapid 
Transit  Co.  n-2,  1-3,  W-:!200.  Vol, 
111.   p.    ,•,07,    Sept..   '06. 

Orounded  Neutrals  with  Series  Re- 
sistances. I'lMi'v  11.  Tlioinas.  Dis- 
cussion. (10.)  \V-1100.  V'ol.  HI.  p. 
484,   Sept..   '06, 

"Idle  Currents"  Within  Generator 
Conductors — J.  S.  Peck.  W-800.  Vol. 
Ill,    p.    .">S1.    Oct.,   '06. 

GENEBAI.    TESTS 

Motor-Generator  Tostingf-  t".  J. 
Fay.  T-1,  l)-l.  W-SOO.  Vol.  IH.  p. 
475,   Aug.,   "06. 


Commercial    Tests — R.    K.    Work- 

iii.iii.       I  ifsiii  |il  inn    of    inetlKxl    und 

f(iiiiimiciii.  ii-i;,  i-j,  \r-:rjoo.  Voi. 
J,    |i.   .".  i:'.  Oct.,   '01. 

Factory  Testing  of  Electrical 
Machinery-  10.  K.  Cioss  Jiiul  K.  10. 
\\'iiikin;m.  Helation  of  testiriK  de- 
IKiilmciiL  In  works  system;  experl- 
nifiital  and  commercial  testing. 
Conditions  affpcainp  accuracy  of 
measuring  irislrninents;  precau- 
tions. T-2.  I)-1.  J-1,  \V-40nO.  Vol. 
I,   i>.    1'7,   I'^el...   '0  1. 

Field  Form  from  Measurement 
of  E.  M.  F.  Between  Commutator 
Bars — K.  10.  Wurkniaii.  I'lirposes; 
l)ii'liara  t  ion  ami  cnnduct  nl'  test. 
Precautions.      ("-1.    1-1,   W-Goo.     Vol. 

I,  p.    in::.  Sciii..  '0  1. 

Polarity  of  Field  Coils,  Method 
of  Testingf^R.  JO.  Workman.  Gives 
four  luaclical  ways  of  te.sting  the 
polatilv.  ^-400.  Vol.  I,  p.  543, 
Oct.,    '01. 

Insulation  Testing — C.  E.  Skin- 
ner. A  comprehensive  article; 
equipments;  important  factors.  D- 
9,  1-5,  W-6400.  Vol.  II,  p.  538, 
Sept.,   '05. 

Iiocating"  Faults — C.  E.  Skinner. 
Metliod  of  binning  insulation  at 
tliP    noint     nf    fault.       W-250.       Vol. 

II,  II.    CI  4,   Oct.,   '05. 

Regulation  of  Generators — R.  E. 
"Workman.  Standard  Definition  of 
regulation;  of  shunt-wound  gener- 
ators; armature  magnetization; 
methods  of  compensation;  object 
of  regulation  test;  two  methods  of 
loading  machines;  description  of 
test  on  resistance  load.  D-5,  W- 
ISOO.      Vol.   I,   p.   240,  May,   '04. 

Loading  back  test;  two  methods; 
explanation  of  each;  examples; 
brush  losses;  table  for  different 
current  densities.  T-1,  C-1,  D-4, 
I-l.  W-2200.  Vol.  I,  p.  289,  June, 
'04.  , 

Motors,  Regulation  Test — R.  E. 
"Workman.  Drop  in  speed  deter- 
mined by  armature  resistance;  ef- 
fect on  field,  brush  lead,  etc.;  com- 
pounding; two  methods  of  testing; 
diagrams  of  connections.  D-3,  I-l, 
W-ISOO.      Vol.   I,  p.   360,   July,   '04. 

Railway  Motors,  Tests — R.  E. 
Workman.  Order  of  tests  and  ex- 
planation of  same.  Diagram  of 
testing  switchboard.  D-1,  W-800. 
Vol.   I.  p.    551,  Oct.,  '04. 

Sliort-Circuits,  Testing  Coils  for 
— M.  H.  Bickelhaupt.  Device  for 
testing  for  short-circuits  and  de- 
tecting same.  Method  of  burning 
out  short-circuits.  D-1,  1-2,  W- 
200.      Vol.   I,   p.   116,   Mch..   '04. 

Speed  Curves  of  Series  Motors — 
R.  E.  Workman.  Variation  of 
speed  in  motors.  Test  for  speed 
curves  of  series  motors;  example 
•of  results;  conduct  of  test;  precau- 
tions. C-1,  W-800.  Vol.  I,  p.  475, 
Sept.,    '04. 

Temperature  Rises  "With  a  Slide 
Rule — Miles  "VValker.  Dayout  of 
scale:  example;  explanation.  T-1, 
D-2,  W-400.  Vol.  II,  p.  694,  Nov., 
■05. 

Temperature  Test — R.  E.  Work- 
man. Preparation:  conduct  cf 
test ;  precautions.  Gives  A.  I.  E.  E. 
method  and  corrections  for  same. 
C-1,  W-1600.  Vol.  I,  p,  4TS,  Sept.. 
•04. 


Testing  "Voltage — C.  E.  Skinner. 
Five  niciliods  for  mea.siiring  the 
testing     voltau*'.       W-SOO.       Vol.     II, 

II.  i;iL',  Oct.,  '!>:,. 

Testing  Voltage,  Variation  of — 
(,'.  40.  Skinner.  Three  methods  of 
varying  the  testing  voltage.  D-8, 
W-1200.      Vol.  II,   p.    544.    Sept.,   '05. 

ARMATURE    AND    FARTS 

(Except    Comm.utator) 

Winding  of  Direct-Current  Arm- 
atures—.\.  ( '.  .Jordan.  A  detailed 
(Icscriplion  and  lut-cise  directions. 
D-6,  1-7,  \V-2.S00.  Vol.  II,  p.  73S, 
Dec,    '05. 

Armature  "Winding  -  Direct  Cur- 
rent— A.  C.  Jordan.  Westinghouse 
lOlP  armature  compared  with  3SB. 
Type  S.  General  considerations. 
1-6,  D-5,  W-2700.  Vol.  Ill,  p.  45, 
Jan.,    '06. 

Armature,  "Winding  a  Railway 
Motor — H.  D.  Roliertson.  Descrip- 
tion of  the  coils;  winding  of  a  12-A 
Wesinghouse  railway  mfitor;  build- 
ing up  the  core,  and  placing  the 
'Coils;  connections:  cfimmutator 
"throw";  finishing  and  testing  the 
winding;  banding;  insulation  tests. 
D-3,  1-7,  W-2400.  Vol.  I,  p.  214, 
May,    "04. 

Armature,  Winding  a  Direct- 
Current  Generator  —  Arthur  Wag- 
ner. Description  of  winding.  Vari- 
ation of  "throw."  Characteristics. 
Balancing  rings  and  method  of 
connection.  Tests  of  commutator 
and  coils.  Winding;  soldering. 
Turning  down  commutator  band- 
ing and  balancing.  D-5,  1-6,  W- 
1900.      Vol.   I.  p.   350.   July,  '04. 

"Winding  Armatures  for  Constant 
Potential  "D.C."  Machiner  y — 
Types  of  winding:  ring  and  drum 
types;  forms  of  drum  winding; 
throw  of  the  coils.  D-17,  1-7,  W- 
3000.     Vol.  II,  p.    69.   Feb.,  '05. 

Armatures:  Tests  for  Short-Cir- 
cuits — :\I.  H.  Bickelhaupt.  Method 
and  aiiparatus.  I-l,  "W-250.  Vol. 
I,   p.   115.  Mch.,   '04. 

Sliort-Circiiit  Test :  Armature — 
H.  Gilliam.  Device  to  locate  short- 
circuits  between  coils  without  dis- 
connecting the  leads.  See  (E~)  p. 
585.  D-1,  W-300.  Vol.  II,  p.  578, 
Sept..   "or,. 

Armature  Leads,  Breaking  of,  in 
Sm.all  Motors.  Causes  of  breaking: 
method  of  preventing  vibration. 
"W-300.      Vol.   I,    p.    685,  Dec,    '04. 

Pressing  on  Armatures  on  the 
Road — S.  D.  Sinclair.  D-1,  W-700. 
Vol.   Ill,  p.   710,   Dec,   "06. 

Soldering  Bar  "Windings.  W-800. 
Vol.    II.    p.    691,    Nov.,   '0.-,. 

"Wedging  of  Railway  Motor 
Armatures — F.  C.  Vehslage.  Road 
experience.  "V\^-300.  Vol.  Ill,  .p. 
240,   Apr.,   '06. 

Apparent  Grounding  of  Arma- 
tures— S.  M.  Kintner.  Capacitv  ef- 
fect. D-2,  W-850.  Vol.  Ill,  p.  176, 
Mar.,    '06. 

BEARINGS    AND    PARTS 

Lubrication    of    Railway    Motors 

— J.  E.  Webster.  Grease:  methods 
of  application.  Oil  and  waste: 
quality  to  be  used  and  methods  of 
preparing  for  use.  1-2.  W-1100. 
Vol.   I,    p.    378,    Aug..    '0  4. 


Railway   Motor  Bearings — W.    H. 

Runipp.  Trouble  caused  by  poor 
babbitt  and  Improper  lubrication. 
W-600.     Vol.   II,   p.   243,   Apr.,   '05. 

COMMUTATOR 

Commutators  and  Commutator 
Building.  Requirements  of  (1) 
Bars;  (2)  Strips;  (3)  V-rings;  (4i 
Bush  and  nut.  W-1600.  Vol.  Ill, 
p.   119,  Feb.,   '06. 

Mechanical  Aids  to  Commutation 
— J.  N.  Dodd.  Commutation  curves. 
Use  as  resistance  in  brushes  and 
leads.  Effect  of  self-induction. 
Use  of  auxiliary  coils.  1-21,  W- 
6500.     Vol.   Ill,   p.   306,  June,   '06. 

Commutators,  Repairing  Pitted. 
Causes  of  pitting-  and  method  of 
repair.  W-150.  Vol.  I,  p.  6S5,  Dec, 
'04. 

Construction:  Ijarge  Commuta- 
tors. Form  of  bar;  mica  insula- 
tion; method  of  building.  Baking, 
machining  and  mounting.  1-2,  W- 
1000.      Vol.   I,   p.   303,   June,   '04. 

Construction:  Small  Commuta- 
tors— M.  H.  Bickelhaupt.  A  short 
article  on  the  process  of  manufac- 
ture. 1-3,  W-600.  Vol.  I,  p.  lis, 
Mch.,   '04. 

Insulation,  Waterglass  —  M.  H. 
Bickelhaupt.  Metliod  of  repairing 
short-circuits  between  commutator 
bars.  W-150.  Vol.  I,  p.  50,  Feb., 
'04. 

Oil,  Trouble  Caused  by — Action 
of  oil  in  causing  short-circuits  in 
commutators.  "\\^-4  00.  Vol.  II,  p. 
55,   Jan.,  '05. 

FIB!.!}   WINDING 

Field  Coils,  Indestructible,  for 
Railway  Motors.  I'^'orming  the 
coil;  the  insulation;  finishing;  en- 
casing.    1-3,  W-SOO.     Vol.   I,  p.  486, 

Sept.,   '04. 

FRAMB,        BASB,        FIBI.D        CORB, 
STANDARDS,    CAPS 

Frames,  Structural  Steel  Alter- 
nator. From  Furcii)ean  designs  and 
reasons  for  their  use.  Disadvan- 
tages; why  not  used  in  America. 
W-200.      Vol.    I,   p.   48S,   Sept.,   '04. 

Hubs  of  Iiarge  Rotating  Fields. 
A  method  of  const  riiclidu  prrx-cnt- 
ing  cooling  strains  in  the  casting. 
W-100.      Vol.   1,    p.    2  IS.    May,    'n|. 

FOUNDATIONS,    BBDPI.ATBS    AND 
APPURTBNANCBS 

Bedplate:  Sagging  of:  Bnd 
Thrust — M.  II.  Bickelhaui)t.  Trou- 
ble caused  bv  sagging  of  l)edplate. 
No  end  plav.  W-I.'O.  Vol.  I,  p. 
181.   Ajir.,  '0  1. 

Foundations    of      Oenerators — IM. 

H.  Bickelhaupt.  Improper  support 
of  bedplate  causing  same  to  sag 
and  to  take  up  si)ace  allowed  for 
end  play.  AV-150.  \'ol.  I.  p.  ISl, 
Apr.,  '04. 

Direct  Current 

Some  Troubles  with  Direct-  Cur- 
rent Machines  —  .Andrew  IMcTi.glie. 
W-9j0.     Vol.    lir,   p.    358,  June.   '06. 


Characteristics     of     Direct-Current 

Generators — H.  W.  Peck.  Shunt  and 
compound  excitation.  Characteristic 
curves.  Parallel  operation.  Three- 
wire  generators.  C-1,  D-1,  W-1000. 
Vol.   II,   p.    37.    Jan.,   '05. 

B(iualizer  Rings — ]M.  H.  Bickel- 
haupt. Method  employed  and  ex- 
planation of  action  of  the  rings.  D- 
3,  W-NOO.      Vol.   I,   p.   48,   Feb.,  '04. 

SHUNT   AND   COMPOUND 

Three-Wire  Direct-Current  Gen- 
erators— A.  H.  Mclntire.  Main 
features  and  application.  D-5,  I-l, 
W-1200.      Vol.   J II,    p.   290,   :May,   '06. 

Multipolar,  Direct-Current  Mo- 
tors—  Photograph.  Showing  the 
semi-enclosed  and  enclosed  styles 
on  the  same  frame,  obtained  by  the 
use  of  detachable  covers.  Vol.  I, 
p.   557,    Oct.,  '04. 

Pumping  of  Two  Direct-Current 
Generators — B.  C.  Shipman.  Cause 
of  trouble  and  remedy.  W-600. 
A'ol.    II,   p.    354,  June,   '05. 

Brake  Test  of  a  Direct-Current 
Motor — R.  E.  Workman.  Descrip- 
tion of  brake  and  style  of  pulleys; 
preparation  and  conduct  of  test; 
precautions;  performance  curves. 
Efficiency  tests;  shunt  regulation 
test.  C-2.  D-2,  1-3,  W-2000.  Vol. 
I,   p.   419,  Aug.,  '04. 

Bfflciency  Test  of  "D.C."  Motors 
— R.  E.  Workman.  (1)  From  loss- 
es. (2)  From  brake  test.  Read- 
ings and  sample  calculations.  W- 
1000.      Vol.    I,    p.    423,    Aug.,   '04. 

Experimental  Testing  of  "D.C." 
Machinery — E.  R.  Cross  and  R.  E. 
Workman.  Loss  tests;  prepara- 
tion, conduct  and  precautions.  Con- 
nections; results.  C-1.  D-l.  I-l,  W- 
3600.      Vol.    1.   p.    9.-,.    Mcli..  '04. 

Tests:  Iron  and  Friction  Iiossas, 
Saturation — R.  E.  Workman.  Ob- 
jects, jiroparation,  conduct;  dia- 
grams of  connections;  curves.  C-3, 
D-4,  T-1.  W-1600.  Vol.  I,  p.  109. 
Apr.,   '04. 

Remedying  Trouble  with  Three- 
wire  Generator  Balance  Coils — K. 
K.    Snmnior.       W-3oo.       Vol.    HI,    p. 

600.  Oct..  'lu;. 

Auxiliary    Pole    Motors    —   J.    M. 

Hippie.  lOIT.'ct  nf  auxiliary  Held. 
(■-2.  I-l.  \\'-15oo.  \'ol.  Ill,  p.  275, 
.May,    'OC. 

Series  Shunt  Adjiistment — W.  O. 
M.<*oiinnn.       \V-."..".o.       Vol.       HI.       p. 

I  IS.  ,iui.\-.  'lo;. 

Oscillograms  of  Wave   Forms  of 

Aiixiliary-Pole     Dynamos  —   .1.  X. 

Dodd.       C-lo.    W-1000,       Vol.    III.  p. 

.".:;i,  Sept.,  '06. 

SB  BIBS 

Testing-  Railway  Car  and  Loco- 
motive Eciuipmeuts — H.  L.  Beach 
I  >(>scriiii  inn  nf  "llv-wlieel  test' 
|)-1.  C-1.  1-4.  \V-2400.  Vol.  III.  p. 
702.   Dec.   '06. 

(E)  William  C(x>per.  Empirical 
testa  equivalent  to  service  condi- 
tions.     W-650.   i>.    661. 

Testing  Railway  Motors  (E> 
William  (^ooper.  The  "typical 
run."  W-SOO.  \'o!.  111.  p.  4S1. 
Sept.,    '06. 

Iioading  Back  Testinjr  of  large 
Railway  Motors-  C.  J,  Fav.  D-3. 
W-llOO.      Vol.    III.    p.    ."'2,-..  Sept.,   '06. 


Bucklngr    of    a    Railway    Motor — 

M.  II.  I!irl<ilh:nii>l.  Caused  by  lilm 
oC  iiKiist  iiic  iMi  ciiinmulalor.  W- 
15(1.       \'nl.    I.    1'.    1^1.    Ar-r.,    '01. 

Motors  for  Railway  Work.  Se- 
ries vs.  Shunt  l'\  !•:.  Wynne.  \>-:,, 
W-li;o(l.      Vol.    Ill,   ]>.    M.   J.iii.,    '1113. 

Railway  Motor  Construction — J. 
E.  Wi^bsLcr.  Mechanical  construc- 
tion and  design.  Insulation,  lubri- 
cation and  ventilation.  1-8,  W - 
4700.      Vol.    Ill,  p.    C7,   Feb.,   '06. 

Alternating  Current 

Synchronizing  of  Alternating-Cur- 
rent Machines.  An  elementary  expo- 
sition of  principles  and  methods.  D- 
4,  I-l,  W-lfiOO.  Vol.  I,  p.  679,  Dec, 
'04. 

Regulation,  How  to  Calculate — .7. 
S  Peck.  Approximate  rules;  exam- 
ples of  inductive  and  non-inductive 
loads.  Diagrams.  D-2,  W-1000.  Vol. 
II,  p.  361,  June,  '05. 

Dampers,  Copper  in  Alternating- 
Curreut  Machines.  Different  forms 
of  damiiers;  reasons  for  their  use. 
\V-200.      Vol.  I.  p  368,  July.   '04. 

Dampers  for  Synchronous  Ma- 
chines— E.  L.  Wilder.  Pumpins  and 
corrective  currents.  Action  of  cop- 
per dampers;  different  forms.  D-6, 
1-2,   W-SOO.      Vol.    II,  p.  26,   Jan.,   '05. 

Troubles  with  Alternators — W.  F. 
Lamme.  W-1350.  Vol.  Ill,  p.  56, 
Jan.,    'OG. 

Experimental  Test — R.  B.  Work- 
man. Copper  loss  comptation.  Iron 
and  friction  losses;  saturation  tests. 
Generator  short-circuit  tests;  com- 
pensating winding.  Regulation  and 
efficiency.  C-1,  D-7,  W-2500.  Vol.  I, 
p.   611,  Nov.,  '04. 

AXiTERITATORS 

The  Construction,  Performance 
and     Operation    of    Alternators — P. 

M.  Lincoln.  Notes  an  various  de- 
tails. T-1,  C-1,  D-7,  1-14,  W-9400. 
Vol.  Ill,  p.  545-631-668,  Oct.,  Nov., 
Dec,  '06. 

Armatiire  Windings — F.  D.  New- 
bury. Open  -  type,  single-phase 
windings.  Diagrams.  D-7,  W-1800. 
Vol.  II,  p.   341,  June.  '05. 

Two  and  three-phase  open-type. 
Explanation.  Diagrams.  D-8,  1-4, 
W-1600.      Vol.   II,   p.   418,   July,   '05. 

Construction:  5000  kw  Engine- 
Driven  Alternators — R.  D.  Wilson. 
Flv-\\heel  capacity.  Armature 
windings.  W-600.  Vol.  II,  p.  287, 
May,  '05. 

Design,  Advantages  of  Iiiberal — • 
B.  G.  Damme.  Exemplified  by  al- 
ternators designed  for  Rapid 
Transit  Co.  of  New  York.  I-S,  W- 
1000.     Vol.   II,  p.    284,   May,   '05. 

Compensating  Pield  Circuit — R. 
E.  Workman.  Two  methods  of 
compounding  an  alternator.  D-2, 
W-500.      Vol.   I.   p.   618,   Nov.,   '04. 

Diagrams:  Regulation  of  Alter- 
nators— V.  Karapetkoff.  Explana- 
tion of  vector  diagram;  conditions 
affecting  power  factor.  Two  ways 
of  determining  vector  drop.  Exem- 
ples.  D-5,  W-3200.  Vol.  I,  p.  532, 
Oct.,  '04. 


Regulation    Test   <of    Alternators 

— U.  I'^.  Workiii.iti.  Loadf-d  on  re- 
slslanco;  i-onnt-clions;  conduct  of 
test.  Compensated  machines;  regu- 
lation. Regulation  test  with  syn- 
chronous motor  load;  starting  and 
synchronizing  the  motor.s.  C-1, 
D-5,  W-1500.  Vol.  I,  p.  671,  Dec, 
'04. 

Regulation  as  Computed  hy  the 
Standardization  Com.mltee-  I{.  iO. 
W'oiknian.  .Mclliod  of  computing 
regulation  frfim  the  open-circuit 
saturation  and  short-circuit  tests. 
1-1,   VV'-200.      Vn].   ir,   p.   53,  Jan.,  "05. 

Regulation:  Open-Circuit  Satura- 
tion and  Short-Circuit  Test — R.  E. 
Workman.  Approximate  determi- 
nation of  regulation  from  open- 
circuit  saturation  and  short-circuit 
test.  Method  recommended  by  the 
Standardization  Committee,  A.  I. 
E.  E.  C-1,  W-700.  Vol.  II,  p.  53, 
Jan.,  '05. 

Testing  of  Alternators — R.  E. 
Workman.  ICfflciency.  temperature, 
polarity,  iron  loss,  friction,  wind- 
age and  saturation.  Checking 
armature  winding.  Diagram  of 
connection  for  a  30000  volt  testing 
set.  D-1,  I-l,  W-1200.  Vol.  II,  p. 
Ill,    Feb.,    '05. 

Air  -  Gap  of  Turbo  -  Generators. 
Reasons  for  the  use  of  large  air- 
gap.  Inherent  regulation  and  nec- 
essary shape  of  pole  pieces.  W- 
400.     Vol.   I,   p.   301,   June,   '04. 

Balancing  Turbo  Endbells.  Ap- 
paratus for  testing  static  balance 
of  end  bells.  I-l,  W-200.  Vol.  I, 
p.  623,  Nov.,  '04. 

Field   Casting,   Machine  Work  on 

— M.  H.  Bickelhaupt.  Cutting-off 
operation  in  a  lathe.  D-1,  W-400. 
Vol.  I,   p.   47,  Feb.,   '04. 

Field  Construction.  A  brief  de- 
scription of  the  revolving  part  of 
turbo-.generators.  1-3,  W-300.  Vol. 
I,   p.    622.   Nov.,  '04. 

Parallel  Operation  of  Turbo-Gen- 
erators. Operation  under  dead 
short-circuit;  in  parallel  with  re- 
ciprocating engines.  Tests  in  par- 
allel operation  at  various  voltages. 
I-l,  W-800.      Vol.   II,  p.    67,  Feb., '05. 

Test  of  5000  kw  Alternator — -L. 
L.  Gaillard.  Speciflcations;  efficien- 
cies; curv'es;  insulation  and  tem- 
perature. See  (E)  p.  326.  T-3, 
D-3,  1-4,  W-2600.  Vol.  II.  p.  269, 
May,   '05. 

Turbo- Generator:  Test  of  a  5500 
kw — Fred  P.  Woodbury.  Appara- 
tus and  arrangements  for  test. 
Difficulties  of  getting  true  input  to- 
motor.  Objects  of  test.  1-2,  W- 
450.     Vol.  I,   p.   225,   May,   '04. 

Test  of  Synchronous  Motors — R. 
E.  "Workman.  Operating  character- 
istics: relation  of  field  amperes  to- 
armature  amperes  at  unity  power- 
factor.  Temperature  test.  "U^-1000. 
Vol.   II,  p.   115,  Feb.,   '05. 

Transmission  System :  Induction 
vs.  Synchronous  Motor — Chas.  F. 
Scott.  Reprint;  transactions  A.  I. 
E.  E. — 1901.  Comparison  of  the  in- 
duction and  synchronous  motors. 
The  rotary  converter  against  the- 
motor  generator.  See  (E>  p.  131. 
W-4000.     Vol.  II.   p.   86,   Feb..   '05. 


INDUCTION    MOTORS 

Polyphase  Induction  Motor — B. 
G.  Lamme.  A  comprehensive  arti- 
cle covering  the  principles  and  op- 
eration of  various  types.  C-16,  D- 
11,  1-6,  W-4700.  Vol.  I,  p.  431, 
Sept.,    '04. 

Speed  Control:  Polyphase  Induc- 
tion Motor — B.  G.  Lamme.  Two 
methods  of  varying  speed.  Curves; 
efficiency  and  power-factor.  Best 
form  of  windings.  Type  C  motor 
for  constant  speed  work.  C-8,  W- 
3400.     Vol.    I,   p.    503,   Oct.,   '04. 

Speed  Variation:  Polyphase  In- 
duction Motor — B.  G.  Lamme.  Six 
methods  of  varying  the  speed. 
C-1,  D-S,  W-2600.  Vol.  I,  p.  597, 
Nov.,    '04. 

Characteristics  and  Applications 
of  Induction  Motor  —  W.  Edgar 
Reed.  Speed  torque  curves.  Types 
of  windings.  Classification.  C-2, 
W-2300.  Vol.  Ill,  p.  607,  Nov.,  '06. 
(E)  G.  E.  Miller.  Reliability  in 
service.      Ratings.      W^-SOO.   p.    601. 

Effect  of  Voltage  and  Preciuency 
Variations  on  Induction  Motor  Per- 
formance— Gerard  B.  Werner.  T-6, 
W-2000.  Vol.  Ill,  p.  401,  July.  '06. 
Characteristics  Iby  the  Vector 
Diagram — H.  G.  Specht.  Example 
of  the  use  of  the  vector  diagram. 
T-1,  C-1,  D-1,  W-1200.  Vol.  II,  p. 
749,   Dec,   '05. 

Diagrams:  Primary  and  Second- 
ary Flux  and  Voltages — ^V.  Kara- 
petoff.  Vectorial  representation  of 
relations  between  primary,  sec- 
ondary and  leakage  flux;  primary 
and  secondary  voltages.  D-2,  W- 
1500.     Vol.  I,  p.   606,  Nov.,  '04. 

Method  of  Studying  Induction 
Motor  "Winding — C.  R.  Doolev.  1-2, 
W-450.  Vol.  Ill,  p.  521.  Sept.,  '06. 
Eeyland  Diagram,  Application 
of.  Part  I. — V.  Ka  rape  toff.  See 
p.  118,  Feb..  '05.  D-4.  W-4200. 
See  p.  lis.  Feb.,  '05.  D-4,  W-4200. 
Vol.   I,   p.    658,   Dec,   '04. 

Guide  for  the  use  of  the  Heyland 
diagram.  See  p.  658,  Dec,  '04.  C- 
3,  D-1,  W-1500.  Vol.  II,  p.  118, 
Feb.,   '05. 

Slip  Indicator  for  Induction  Mo- 
tors— C.  R.  Dooley.  Uses,  con- 
struction and  operation  of  slip-in- 
dicator. D-6,  1-2,  W-2000.  Vol.  I, 
p.   590,  Nov.,  '04. 

Polyphase  Motors  Run  Single- 
Phase — G.  IT.  Garcelon.  Efficiency. 
Torque  and  current  at  starting. 
Phase-splitters.  C-l,  D-3,  W-IOOO. 
Vol.   IT,   p.   501,  Aug.,  '05. 

Power-Pactor  for  Any  Ciirrent — 
R.  E.  Workman.  Method  of  calcu- 
lating. D-2,  W-60f).  Vol.  II,  p. 
580,   Sept..   '05. 

Measuring  Device  for  Slip — C.  R. 
Dooley.  l''sos,  cnnstruct  inn,  opera- 
tion of  the  the  sliii-indicator. 
D-fi.  1-2.  W-2000.  Vol.  ],  p.  590. 
Nov.,   "04. 

Starting  Induction  Motors.  In- 
ter-pliase  cinneotions  of  two-ph.ase 
generator  ffir  securing  low  volt- 
ages. D-1.  W-200.  Vol.  I,  p.  684, 
Dec,    '04. 

Experimental  Test  of  Induction 
Motors — R.  E.  Workman.  Order  of 
tests.  Resistance.  Running,  open 
circuit,  and  locked  saturation. 
C-l.  W-ISOO.  Vol.  II,  p.  385,  June. 
'05. 


Commercial       Testing  —   R.      E. 

Workman.  Preparation  for  test; 
Readings  taken.  D-1,  W-800.  Vol. 
II,  p.    642,   Oct.,  '05. 

Testing  —  Experimental — R.  E. 
Workman.  Apparatus,  test  tables, 
transformers.  D-6,  I-l,  W-2000. 
Vol.  II,  p.   316,  May,  '05. 

Iiocked  Saturation  Test — R.  E. 
Workman.  Precautions  to  be  oli- 
served.  C-l,  W-SOO.  Vol.  II,  p.  452, 
July,   '05. 

liosses,  Tests — R.  E.  Workman. 
Copper,  iron,  friction  and  windage 
losses.  Explanation;  examples. 
W-300.      A^'ol.   II,   p.    581,   Sept..  '05. 

Power  Curves — R.  E.  Workman. 
Calculated  from  brake  tests;  from 
losses.  T-1,  C-2,  W-1400.  Vol.  II, 
p.  513,  Aug.,  '05. 

Temperature  Test — R.  E.  Work- 
man. Method  of  making  test ;  cus- 
tomarv  rise.  W-200.  "Vol.  II,  p. 
642,    Oct.,   '05. 

Test  of  Induction  Motor  Wind- 
ings— G.  H.  Garcelon.  Standard 
windings;  tests  to  detect  and  lo- 
cate defects;  testing  switchboard 
and  method  of  use.  D-5,  1-2,  W- 
2800.     Vol.  I,  p.  148,  Apr.,  '04. 

Transformer  Set  for  Testing  In- 
duction Motors — R.  A.  McCarty. 
Phases  and  voltages  secured  from 
two  single  -  phase  transformers, 
two-phase  supply  circuit.  D-2,  W- 
400.     Vol.   II,  p.   688,  Nov..  '05. 

Transmission  System:  Synchron- 
ous vs.  Induction  Motors — -Chas.  F. 
Scott.      Reprint;    transactions    A.    I. 

E.  E. — 1901.  Comparison  of  the  in- 
duction and  synchrnous  motors. 
The  motor-generator  against  the 
rotary-converter.  See  (E">  p.  131, 
W-4000.      Vol.    IT,  p.    S6,   Feb..   '05. 

Variation  in  Supply  Circuit,  Ef- 
fect of — J.  W.  Welsh.  Effect  on 
slip,  torque,  efficiencv  and  power- 
factor.  T-2,  C-2,  W-1800.  Vol.  II. 
p.   551,   Sept.,  '05. 

SERIES   MOTORS 

Some  Phenomena  of  Single-Phase 
Magnetic  Fields — B.  G.  T^amme.  A 
simple  method  of  analyzing  cer- 
tain characteristics  applied  to  al- 
ternators, induction  motors,  both 
single  and  polvphase.  C-4,  W-2200. 
Vol.   Ill,   p.    488.   Sept..  '06. 

Neutralizing  Field  Winding:  A.C. 
Series  Motor — V.  D.  Xowhury.  Ef- 
fect of  tlie  neutralizing  field  wind- 
ing. Possible  methods  of  improv- 
ing power-factor.  D-5.  1-3.  W-1400. 
Vol.    IT.    p.    135.    Mch.,    '05. 

Operation  of  A.C.  Series  Motor — 

F.  D.  Xtnvhuiy.  .\ctiiin  of  tlio  mo- 
tor: comparison  witli  direct-cur- 
rent mottu-;  special  iilicnomena. 
Voltage  diagram  of  motor.  l">-6, 
W-2000.      Vol.   T.  p.    10.   Feb..   '04. 

Power-Factor,  at  Starting,  of 
"A.C."  Series  Motor  I'lavonco  Roii- 
shaw.  .\dvaiit:igo  of  low  powor- 
faclor.  at  starting.  W-1400.  Vol. 
T.    p.    142,    Apr.,  '04. 

Railway  Motor,  The  Single- 
Phase — C.  R.  Dooley.  Prlnrlple.«» 
go\ci-ning  its  operation;  special 
iihenomena.  General  appear.nnco  of 
motor.  Controlling  devices;  rat- 
ing; power-factor:  advantages  of 
motor.  C-2,  D-1.  1-6,  W-1900.  Vol. 
I.  p.   514.  Oct.,   '04. 


Sing-le-Phase      Series      M  o  t  o  r — 

t'has.    !•'.    Sci.ll.       Kclalion    to    exist- 
ing'     (llrecl-current       systems.       W- 
:iOOO.     Vol.   I,   p.  ij,  Feb.,  '04. 


TcBtin«r  laarg^e  Single  -  Phase 
Motors  (  .  .1.  i'\iy.  I>-1,  i-i,  \V- 
•101).      Vul.   J II,  p.  52'J,  Sept.,  '()>;. 


TRANSFORMATION 

RECTIFIERS 


Mercury     Vapor     Converter — P.     II. 

'J'hoin.is.  JO.\i)l;m;it  inn  (if  uperation, 
Willi  (liagnims.  Its  ticlcl.  IJ-S,  1-2, 
\V'-i:00().      Vol.    II,   p.   397,  July,   '05. 


Regulation  in  Mercury  Vapor  Con- 
verters I'.Tiy  J  I.  Tliomas.  1-2,  \V- 
aoo.     Vol.   Ill,  p.  34.'>,  June.  'OG. 

ROTARY  CONVERTERS 


Commercial  Test — R.  K.  AVoikinnn. 
Desci-iption  and  explanation  of  the 
tests;  preparation  and  conduct;  dia- 
grams. C-2,  D-1,  W-1200.  Vol.  II, 
p.    21!t,   Ajir..  '0.'-,. 

Experimental  Tests — R.  E.  Work- 
man. Relatixe  i)ower  rating  of  di- 
recl-cnrrent  generators  and  rotary 
converters,  e.m.f.  and  current  rela- 
tions. Inverted  converter.  C-2,  D-2, 
W-1800.     Vol.   II,  p.   181,  Mch.,   '04. 

Short  -  circuit  on  direct  -  current 
side.  Minimum  armature  current. 
Compounding.  See  March  issue  p. 
ISl.  D-l,  W-600.  Vol.  II,  p.  247, 
Apr.,  '05. 

How  to  start  Rotary  Converters — 
Arthur  Wagner.  Seven  cases;  each 
with  diagram  of  connections.  D-T, 
W-;;700.      Vol.   II,  p.    4;}G.   July,   '05. 

Hunting-  of  Rotary  Converters — F. 
D.  Newbury.  Explanation  of  hunt- 
ing; causes;  prevention;  action  of 
copper  dampers.  I-l,  W-1300.  Vol. 
I,   p.   275,   June,  '04. 


Improper  Pouudation  for  Rotary 
Converter — W.  H.  llLunii|».  'J'rouble 
caused  and  how  remedied.  W-350. 
Vf)l.    II,   p.    242,    Apr.,   '05. 

Pumping  of  Rotary  Converters. 
Corrected  by  increasing  air-gap;  cojj- 
per  dampers  on  the  jiole  pieces.  W- 
400.      \,,].   IT.   I,.    S,   .I.aii.,  '05. 

Transmission  System:  Motor  Gen- 
erator vs.  Rotary  Converter — (  lia.<. 
F.  Scott.  Reprint;  transactions  A.  I. 
E.  E. — 1901.  Comparison  of  the  in- 
duction and  synchronous  motors.  See 
(E)  p.  i:U.  W-1500.  Vol.  II,  p.  02, 
Feb.,  "05. 

Voltage  Regulation  of  Rotary  Con- 
verters— P.  M.  Lincoln.  Essentials 
for  compounding;  diagrams  of  induc- 
tance in  the  circuit.  D-.l.  1-2,  W- 
1500.      \iA.    I,   p.   55,  Mch..    '04. 

Rotary  Converter  Excitation  —  O. 
H.  Crosscn.  INIelhod  of  increasing. 
D-2,    W-1100. 

Remedying  Trouble  with  Rotary 
Converter — K.  E.  Sommer.  W-350. 
Vol.   Ill,   p.   598,   Oct.,   '06. 


TRANSFORMERS 


General 


Converting  Three-Phase  Current  to 
Single-Phase — Chas.  F.  Scott.  Dem- 
onstr;i.tion  that  single-phase  power 
cannot  be  obtained  from  static  trans- 
formers connected  to  three-phase 
circuit  without  unbalancing.  D-l, 
W-900.     Vol.   III.  p.   43.  Jan.,   '06. 

Three-Phase  Transformation  —  J. 
S.  Peck.  Arrangements  of  transform- 
ers. Principles  governing  flux  dis- 
tribution. Three-phase  transform- 
ers; core  type;  advantages  .and  dis- 
advantages; shell  type;  duplex  trans- 
former; conclusions.  D-6,  W-2409. 
Vol.   I,  p.   401,   Aug..   '04. 

Connections  in  Two  and  Three- 
Phase  Circuits.  Diagram  showing 
the  connections  for  various  changes 
in  number  of  phases,  showing  volt- 
age relations.  Vol.  I,  p.  490,  Sept., 
'04. 

Diagrams,  Applications  of  Alter- 
nating Current — V.  Karapetoff.  Dia- 
gram of  an  ideal  transformer;  influ- 
ence of  iron  loss;  influence  of  cop- 
per loss  and  leakage  of  flux.  D-5, 
W-2000.      Vol.   I,  p.   279,   June,  '04. 

Approximate  practical  diagram. 
Experimental  determination  of  in- 
ductive resistance.  Kapp's  diagram 
for  predetermination  of  drop  and 
regulation.  Diagram  of  auto-trans- 
former. D-S,  W-2200.  Vol.  I,  p.  410, 
Aug.,  '04. 

Drying  Out  Transformers — J.  S. 
Peck.  Importance  of  dryness  in  in- 
sulation for  high  tension  apparatus. 
W-600.     Vol.  I,  p.  52,  Feb.,  '04. 


Connection  for  Two-to-One  Three- 
Phase  Transformer.  Methods  for 
connection  for  two-to-one  three- 
phase  transformation  when  two-to- 
one  transformers  are  not  available. 
D-2.  W-3000.  Vol.  II,  p.  191,  :Mch., 
'04. 

Drying  Out  High  Tension  Trans- 
formers— J.  S.  Peck.  Insulation  re- 
sistance an  indication  of  condition. 
Connections  of  apparatus  for  resist- 
ance test.  Instructions  for  drying 
out  transformers;  precautions.  D-l, 
W-1400.      Vol.   I.   p.   61,   Mch..   '04. 

Insulation  of  Transformers — Test- 
ing of — M.  H.  P.ickelhaupt.  Testing 
voltage  by  means  of  spark  gap. 
Method  of  maki-ng  the  transformer 
generate  its  own  test  voltage.  W- 
300.      Vol.  I.   p.    1S2,   Apr.,   '04. 

Insulation:  Transformer  —  O.  B. 
Moore.  Relation  of  olimic  resistance 
and  dielectric  strength.  Tests. 
Curves.  C-3.  ^-1,  W-2400.  Vol.  II, 
p.   333,  June,  '05. 

Operation,  Real  Economy  in  Trans- 
former— C.  Fortescue.  Points  consid- 
ered in  design;  sm.all  effect  of  iron 
loss  shown;  effect  of  copper  loss  on 
meter  reading.  Advantage  of  equal 
losses.  Expressions  by  which  the 
economy  of  variously  designed  trans- 
formers mav  be  compared.  D-2,  W- 
2300.      Vol.   I,  p.  264,  June,  '04. 

(E)    J.   S.    Peck.   p.   308. 

Ratinsr  of   Testing   Transformers — 

C.    E.     Skinner.       W-200.       Vol.    II,    p. 
615.  Oct..  '05. 


static  Ulsturbances  in  Transform- 
ers— S.  iSI.  Kintner.  How  induced. 
Method  for  relieving.  Diagrams.  D- 
3,  I-l,  W-1100.  Vol.  II,  p.  365,  June. 
'05. 

Winding"  Points  in  Transformer 
Coil.  Special  methods  of  winding 
certain  forms  of  coils.  Arrangement 
to  prevent  local  currents.  W-400. 
Vol.    I.   p.    oOi),  June,   '04. 

Closfgred  Tubes  in  Water  Cooled 
Transformers  —  G.  B.  Rosenblatt. 
Cause:  method  of  cleaning.  W-1200. 
Vol.  II,   p.   600,   Oct.,   '05. 

Oil  for  Transformers — C.  E.  Skin- 
nei".  Reouirements  for  a  good  oil; 
different  tests;  effect  of  impurities. 
C-1,  I-l,  W-4400.  Vol.  I,  p.  227,  May, 
■04. 

Testing"  of  Transformer  Oil — M.  H. 
Bickelliaupt.  Simple  test  for  detect- 
ing water  and  acid.  W-75.  Vol.  I, 
p.    182,   Apr.,   '04. 

Methods  of  Treating  Transformer 
Oil — S.  M.  Kintner.  Summary  of 
methods  and  comment.  W-2500.  Vol. 
Ill,  p.    5S3,    Oct.,   '06. 

Drying  Out  Transformer  Oil — J. 
E.  Sweeney.  AV-SOO.  Vol.  Ill,  p.  47S, 
Aug.,   '06. 

Transformer  Oil:  Some  Hints — C. 
E.  Skinner.  Precautions  necessary  to 
keep  transformer.s  free  from  w.ater. 
Drying  out  high  tension  transform- 
ers. Methods  of  testing  oil  for  mois- 
ture. I-l,  W-1500.  Vol.  II,  p.  96, 
Feb.,  '05. 


Moisture    in    Transformers — W.    G. 

McConnon.  W-450.  Vol.  Ill,  p.  418, 
July.   '06. 

Thawing  Transformers — AValter  M. 
Dann.  INIethods  and  apparatus  for 
thawing  pipes.  T-1.  1-3,  W-1700. 
Vol.   Ill,  p.   38,  Jan.,  '06. 

Testing  Iioad  for  Iiarge  Trans- 
formers— G.  B.  Rosenblatt.  Method 
of  loading  one  transformer  by  an- 
other. W-200.  Vol.  II,  p.  602,  Oct., 
'05. 

Testing  Central  Station  Trans- 
former— \y.  Xesbit.  Order  of  tests; 
methods.  Diagrams  of  connections. 
D-6,  W-2000.  Vol.  II,  p.  465,  Aug., 
'05. 

Series 

Operation    of    Series    Transformers 

• — Edward  L.  Wilder.  Inherent  char- 
acteristics of  series  transformer: 
vector  diagrams  showing  effect  of 
varving  constants.  T-1.  C-1.  D-2,  W- 
1100.      Vol.    I.   p.    451.   Sept..    '111. 

Sixty  Thousand  Volt  Series  Trans- 
formers— W.  H.  Thompson.  D-1.  1-2. 
W-400.      Vol.   Ill,   p.   650,   Nov.,   '06. 

Induction  Regulators 

Polyphase    Induction    Regulators — 

G.  H.  Garcelon.  Transformer  taps 
for  regulation,  and  its  advantages. 
The  induction  regulator:  construc- 
tion; explanation.  D-6.  1-2,  W-1200. 
Vol.    I.   p.    570.   Nov.,   '04. 

Testing  Induction  Reg'ulators — C. 
J.  Fay.  T-1,  D-3.  I-l,  W-600.  Vol. 
Ill,  p.    652,   Nov.,  '06. 


TRANSMISSION 


CONDUCTORS    AND    CONTROL 
GENERAL 

(See   also   Theory,   p.   4) 


Power     Transmission — New     Epoch 

— Chas.   F.   Scott.      (E.)      W-700.      Vol. 
II,  p.    12!»,   Feb..  '05. 

Static       Conditions       in       Groiinded 


Transmission  Circuits — R.  P.  Jack- 
son. Showing  possible  cause  of 
l>rcak(lowns.  D-2,  \\'-12(nV  Vol.  IIT. 
p.    046,   Nov.,  '06. 


SYSTEMS 


Alternating    Current 

High    Tension    Transmission — J.    F. 

Vauglian.  Ini'idents  in  the  develop- 
ment of  the  PuNallup  Water  Power. 
I-].   \V-75().      ^'ol.    IT,   p.    442.   July,   '05. 

Power  Transmission  Data  —  Chas. 
F.  Sci>tt.  (10.)  W-400.  Vol.  II,  p. 
708,    Nov..  '05. 

Power  Transmission  in  the  West — 
Allan  E.  Ransom.  Ijewiston-(Marks- 
ton  s\-stein:  line  construction.  D-1, 
1-6,  ■\\'-16(l(l.      ^'<ll.   ir.  p.   liTS.   Nov..  '05. 

Single-Phase     Railway      System  -  ■ 
Clias.     I''.     Si-olt.        Its    lii'ld 
opmcnt.        \\'-L'oOO.        Vol. 
July.    '(15. 

Single-Phase  Railway 
Chas.  F.  Scott.  Paner  read  before 
the  Am.  St.  Ry.  Assoc.  '05.  Salient 
features:  development  of  apparatus; 
advantages:  its  field.  See  (K)  p.  647. 
W-450().      Vol.    II,   p.    5S!t.   Oct..   '05. 

Single-Phaso  Railway  System  — 
Westinghouse  —  Clarence  Rensliaw. 
Comprelionsi\e   article    on    generating 


and    devcl- 
II,     p.     404, 


System 


and  distributing  svstem;  apparatus. 
C-1,  D-7,  1-3,  W-5000.  Vol.  I,  p.  133, 
Apr..   '04. 

Single-Phase  Synchronous  Trans- 
mission. Tlio  Tolliiride  Plant,  oai'ly 
e.\pcrion(<>  and  description  of  appa- 
ratus, (i:)  Ch.is.  V.  Scott,  p.  519. 
1-5,    M'-SiMi.      Vol.   11.    ),.    .-,04,    Aug.,   '05. 

Transmission  Circuit  —  Chas.  F. 
Scott.  .\ii  olomentar.v  I'onsideration 
of  self-induction,  regulation  and  mu- 
tual induction.  C-1.  D-10.  ^^■-1400. 
\'ol.    II.    p.    7  1.;.   Dec.    'iK-.. 

Trausmission  Troubles,  High  Volt- 
age, Hydraulic — C.  W.  .ViipIiM-.  North- 
ern Cal.  I'ower  C<i.  Tro\ililes  due  to 
dirt  and  refuse  in  supply  pipes  to 
plant:  scheme  to  overcome  same. 
Transmission  troubles:  prevention. 
Successful  telephone  line  construc- 
tion on  power  poles,  D-2.  W-1000. 
Vol     IT.   p.   576.  Sept..   '(15. 

70000  'Volt  Transmission  I>ine — 
Chas.  F.  Scott.  Operation:  insula- 
tors; pole  construction.  D-2.  AV-1200. 
Vol.   II.   p.   674.   Nov..    05. 


LINES 


Overhead 


Poles,  Arms,  etc. 
Ijlue    Construction   —   B.    I^.    Chase. 

Ijocatinii ;  pole;  puys;  arrangement 
of  secliiins.  W-IUOO.  Vol.  If,  p.  097, 
Nov.,   '05. 

Slngfle-Fhase  Iiine  Construction — 
Theridore  Varncy.  Construction  of 
ln.suI;ilors,  bracket  arms,  han,gers 
and  grooved  trolley  wire.  Length  of 
span.  Anchors  and  sections  break; 
catenary  line,  air-operated  trolley. 
D-8,  1-4,  W-1200.  Vol.  II,  p.  199, 
Apr.,  '0,-. 

Catenary  Iiine  Construction  on 
Warren  and  Jamestown  Railroad — 
Theodore  N'ainey.  1-2,  W-750.  Vol. 
Ill,   p.    ir.6.    Mar.,   '06. 

Drop  in  Voltag-e,  Calculation  —  J. 
W.  Welsh.  A  method,  with  table,  for 
calculating  simple  railway  layouts 
of  feeders.  T-1,  W-750.  Vol.  II,  p. 
188,    Mar.,    '05. 

Crossing  a  Railroad  Riorht  of  Way 
— P.  M.  Jjincoln.  Difficulty  of  run- 
ning high  potentials  underground; 
method  to  carry  line  across;  protec- 
tive device:  specifications.  I-l,  W- 
1000.      Vol.    I,  p.   448,   Sept.,   '04. 

Higrh  Voltage  Trolley  —  Effect  of 
Steam  and  Smoke  on  Striking  Dis- 
tance— S.  M.  Kintner.  C-1,  1-2,  W- 
550.      Vol.   Ill,  p.   237,   Apr.,   '06. 

Conductors 

Central  Station  Wiring — W.  Barnes, 
Jr.  Some  points  on  location  and  sup- 
port of  cables.  1-4,  W-1400.  Vol. 
Ill,   p.   412,   July.  '06. 

W^iring  Calculations  by  the  Slide 
Rule — E.  P.  Roberts.  Construction 
and  use  of  a  slide  rule  for  use  in 
wiring  calculations.  T-1,  W-1200. 
Vol.    III.   p.    116,    Feb.,   '06. 

Soldering  Cable  Terminals.  Cor- 
rect method  of  soldering.  W-300. 
Vol.    II,   p.    691,   Nov.,  '05. 


Splicing  Cables  —  W.  Barnes,  sir. 
Proper  methods  of  making  joints  In 
ealile.s.  1-9,  \V-1200.  Vol.  II,  p.  125. 
l-'eb.,  '05. 

Wire  Joints  —  Soldering.  Essen- 
tials for  a  good  joint.  Methods  of 
making  various  joint-s.  W-800.  Vol. 
11,   p.   57,   Jan.,   '05. 

Wire  Table  —  Formulae  —  Harold 
I'ender.  Resistance;  weight;  area; 
diameter.  W-200.  Vol.  II,  p.  327. 
May,   '05. 

Wire    Table,    How    to    Remember — 

Chas.  F.  Scott.  Simple  rules  for 
committing  the  B.  &  S.  wire  table  to 
memory.  W-1400.  Vol.  II,  p.  220, 
Apr.,   '05. 

Wire     Table     and     Slide     Rule — T. 

Sakai.  Method  of  using  slide  rule  as 
wire  table.  1-2,  W-500.  Vol.  II,  p. 
632,  Oct.,  '05. 

Wire  Table-Resistance  of  Copper 
Wire.      B.    &    S.    Gauge.      Vol.    Ill,    p. 

]  IX.  Feb.,   '06. 

Underwriters'  Rules — C.  E.  Skin- 
ner. (E.)  History  and  development 
of  the  National  Electrical  Code.  W- 
700.      Vol.    II,    p.    262,  Apr.,  '05. 

Electricity  as  a  Fire  Hazard — C.  E. 
Skinner.  (E.)  The  true  relative 
status.  W-425.  Vol.  Ill,  p.  2,  Jan.. 
'06. 

(E)   Dean  Harvey.     TV-600,   p.  366. 

Pire  Hazard  of  Electricity.  Ex- 
tracts from  Nat.  El.  Light  Assoc. 
Com.  Report.  T-3,  W-500.  Vol.  Ill, 
p.   396,    July,   '06. 

Underground 

Underground  Wiring — H.  W.  Buck. 
Cables;  grouping  of  ducts;  manhole 
construction;  induction  in  lead 
sheaths.  D-5,  W-1200.  Vol.  I,  p.  128, 
Apr.,  '04. 


SWITCHBOARDS 


General 


Modem  Practice  in  Design — H.  W. 
Peck.  History  of  development;  ma- 
terials; construction;  apparatus.  1-9, 
W-3500.      Vol.    I,   p.    631,   Dec,   '04. 

Characteristics  of  machines;  par- 
allel operation;  three-wire  genera- 
tors. A  typical  direct-current  switch- 
boad;  operation.  C-1,  D-2.  1-2,  W- 
2500.     Vol.   II,  p.  37,  Jan.,  '05. 

Direct-Current — H.  W.  Peck.  Dia- 
gram and  illustrations  of  typical  di- 
rect-current switchboard;  operation. 
D-1,  1-2,  W-1500.  Vol.  II,  p.  40,  Jan., 
'05. 

Por  Alternators — H.  W.  Peck.  De- 
scription; diagrams;  auxiliary  appa- 
ratus. D-3.  1-4,  W-1800.  Vol.  II,  p. 
308,   May.    '05. 

High  Tension:  Hand  Controlled — 
H.  W.  Peck.  Switches;  instruments; 
diagrams.  D-1,  W-1800.  Vol.  II,  p. 
380.    June,    '05. 

Lighting  Systems — H.  W.  Peck. 
Prime  factors:  economy  of  high  volt- 
age; three  systems:  apparatus  for 
operation.  D-4,  1-2,  W-2300.  Vol. 
II,  p.   167,   Mch.,   '04. 


High   Tension:   Power   Controlled — 

H.  W.  Peck.  Advantages;  arrange- 
ment of  apparatus.  1-9,  W-2000. 
Vol.   II,   p.    634,  Oct.,  '05. 

Railway  and  Power — H.  W.  Peck. 
Installations;  instruments;  use  of 
differential  voltmeter;  booster  and 
control.  D-1,  1-4,  W-1400.  Vol.  II, 
p.   100,  Feb.,  '05. 

Protective 

The  Present  Status  of  Protective 
Apparatus  —  R.  P.  Jackson.  (E.) 
Comment  on  Proc.  Nat.  El.  Light 
Assoc.    W-700.     Vol.  Ill,  p.   363,  July, 

'06. 

Operation,  Investigating  Lightning 
Arrester  — ■  N.  J.  Neall.  Study  of 
lightning  arrester  operation;  results 
on  a  line  of  the  Utah  Light  and 
Power  Co.;  importance  of  observa- 
tions. D-2.  1-15,  W-1400.  Vol.  II,  p. 
141,    Mch.,    '05. 

Arresters,  Low  Voltage — N.  J. 
Neall.  Types  for  direct  and  alter- 
nating current.  D-2,  1-9,  W-1700. 
Vol.   II,  p.   372,  June,  '05. 
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Arresters,      Sigh.     Voltag-e — K.      J. 

Neall.  Present  American  practice  in 
lightning  arresters  for  higii  voltage 
transmission  circuits.  D-1,  1-6,  W- 
2400.      Vol.  II,   p.  482,   Aug.,  '05. 

Choke  Coils — N.  J.  Neall.  Theory 
and  advantage  of  using  coil.  D-T, 
I-IO,  W-2000.  Vol.  II,  p.  603,  Oct., 
'05. 

Development  and  Experiments — 
Arresters  — •  N.  J.  Neall.  Protection 
against  static  discharges.  The  saw- 
tooth and  magnetic  blow-out  arrest- 
ers. Discovery  of  non-arcing  metals. 
See  (E)  by  Chas.  F.  Scott,  p.  62.  D- 
3,  1-7,  W-2000.  Vol.  II,  p.  30,  Jan., 
'05. 

Foreign  Practice  —  Ligrlitning'  Ar- 
resters— N.  J.  Neal.  Classification 
and  description  of  various  forms. 
D-10,  1-7,  W-2000.  Vol.  II,  p.  754, 
Dec,    '05. 

Choke  Coil  Protection  —  Gola 
Iiightning-  Arrester.  1-2,  W-400. 
Vol.  Ill,  p.   33,  Jan.,  '06. 

Methods  of  installation  and  use  of 
resistance.  Cable  and  line  protec- 
tion. I-l,  D-13,  W-2300.  Vol.  Ill,  p. 
167,  Mar.,   '06. 


Spark   Gap — The  Equivalent — N.    J. 

Neall.  Apparatus  used  for  study; 
application  to  multi-path  arresters. 
D-2,  1-9,  W-2000.  Vol.  II,  p.  224, 
Apr.,   '05. 

Puses — Dean  Harvey.  Character- 
istics, standardization  and  types  I- 
9,  C-3,  W-1900.  Vol.  Ill,  p.  159,  Mar., 
'06. 

(E)  Comparison  with  Circuit 
Breakers — Range — T.  S.  Perkins.  W. 
500.     Vol.  Ill,  p.   125,  Mar.,  '06. 

Synchroscopes 

Synchronizer,  Automatic — Norman 
G.  Meade.  Operation;  explanation 
with  diagram.  Dsecription  of  two 
synchronizers.  D-3,  1-3,  W-2200. 
Vol.   II,   p.    294,  May,  '05. 

(E)    P.  M.   Lincoln,  p.   325. 

Synchroscope.  Functions  of  instru- 
ment; explanation  of  connections,  di- 
agrams. D-2,  I-l,  W-600.  Vol.  I,  p. 
692.  Dec,  '04. 

Mechanical  Synchronizing — H.  S. 
Baker.      Example.      T\^-400. 

(E)  Automatic  and  Semi-Automat- 
ic — Paul  MacGahan.     W-350,  p.   605. 


REGULATION  AND  CONTROL 


Regulators   and    Controllers 

Single-Phase     Car     Control — R.     P. 

Jackson.  Description  of  system  and 
apparatus;  diagrams.  D-2,  1-9,  W- 
2400.     Vol.  II,  p.   525,   Sept.,  '05. 

Single-Phase  Control,  Diagrams — 
R.  P.  Jackson.  Standard  equipment; 
hand  control;  multiple-unit  opera- 
tion. See  (E)  by  Chas.  F.  Scott,  p. 
771.  D-2,  W-300.  Vol.  II,  p.  762, 
Dec,  '05. 

Electro-Pneumatic  System  of  Train 
Control — P.  C.  McNulty,  Jr.  Advan- 
tages; use  of  compressed  air;  explan- 
ation by  diagrams  of  the  action  of 
the  various  circuits;  train  connec- 
tions. D-4,  1-7,  W-3S00.  Vol.  II,  p. 
207,   Apr.,  '05. 

Electro  -  Pneumatic  Control  for 
£arge  Direct-Current  Motors — H.  D. 
James.  Description  of  apparatus 
and  operation.  D-1,  1-4,  W-1900. 
Vol.  Ill,  p.  23,   Jan.,   '06. 

Autom.atic  vs.  Manual  Control — 
William  Cooper.  (E.)  W-SOO.  Vol. 
Ill,   p.    3,   Jan.,  '06. 

Induction  Regulator  Control — Clar- 
ence Renshaw.  For  use  on  cars 
where  compressed  air  is  available; 
action.  D-2,  W-400.  Vol.  I.  p.  137, 
Apr.,  '04. 


Direct-Current  Railway  Motor  Con- 
trol— William  Cooper.  iMeth(  ds,  con- 
nections, apparatus.  Multiple  unit 
control.  1-6,  D-5.  C-I,  W-5000.  Vol. 
Ill,   p.   127,   Mar.,  '00. 

Potential  Regulation  for  Iiarge 
Electric  Furnaces — H.  R.  Stuart. 
JNIethods  used  in  manufacture  of 
graphite  and  carborundum.  D-1.  1-3, 
W-1800.     Vol.   Ill,  p.   212,   Apr.,  '06. 

Rheostats 

Resistance     Device,      Variable. 

Method  for  racks  or  lamps;  finer  ad- 
justment of  resistance;  connections. 
D-1.  W-250.     A^il.  I.  p.  247,  May,  '04. 

Slide  "Wire  Resistance.  Convenient 
resistance  for  fine  adjustments,  in 
instrument  testine:.  I-l,  W-400. 
Vol.    II.    p.    .-,8.    Jan.,    •(15. 

Starting  Rheostats,  MaKlmiim  and 
Minimum  Release.  Diagram  of  con- 
nections and  explanation  of  action. 
AV-150.     Vol.   II,  p.   192,  Mar.,  "05. 

Synchronizing  Rheostats.  Diffi- 
culty in  synclironizinir  with  starting 
motor.  Description  of  synchronizing 
rheostat;  method  of  use.  Vol.  I,  p. 
302,    June,   '04. 


UTILIZATION 


ELECTRO-CHEMISTRY 


Applied       Chemistry,       Examples — 

James  M.  Camp.  President's  address, 
Engineers'  Society  of  West.  Penn'a, 
•05.  W-1500.  Vol.  II,  p.  700,  Nov., 
'05. 


Electro-Chemical    Industry  —  P.    M. 

Linctdn.  Products  of  electric  fur- 
nace and  electrolytic  action.  W-500. 
Vol.    III.    p.    1S2.    Apr  .   'OG. 
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LIQHTINQ 


Arc  Iiiffliting' — U.  II.  Henderson. 
Det;iils  itf  lamps  "f  viii'ioii.s  commer- 
cial   types.       K-1.     1-1,     \V-:!:!0().       Vol. 

ur.  J).  :'•;:,.  i\ia.v,  '(lo. 

Caudle  Power  Variation  of  Incan- 
descent   Iiamps    at    25    CycleB — P.    O. 

Iveilholtx.  aiiil  i:.  Ilairisun  Unincli. 
Authors'  cxiieriiiiciils  c.xitlained  and 
re.siilt.s  compared  witli  those  of  Janet 
and  Leonard.  T-4.  C-3,  D-1,  W-3000. 
Vf)l.   Ill,  p.   222,   Apr.,   '06. 

(hZ)  Causes  and  Kffects — Chas.  F. 
Scott.     W-1000.     Vol.   Ill,  p.  183. 


25    Cycle    liisrhting'    in    Buffalo— H. 

I!,  .\l\crsiiii.  lir'.siijts  with  im-.iu- 
descent  aic  and  Nernst  lamps.  Com- 
icirison  of  results  with  CO  and  25 
cycles.  W-1700.  Vol.  III.  p.  231. 
Apr.,    'OG. 

Mercury  Vapor  (Tube)  Light  vs. 
Other  rornxs — ^Percy  H.  Thomas. 
(10. >  Jjistribwtion  and  effect  upon  the 
eye.  W-1000.  Vol.  Ill,  p.  121,  Mar., 
'OG. 


SIGNAL  AND  INTELLIGENCE  TRANSMISSION 
Telegraphy  Telephony 


Wireless     Telegraphy,     The     Status 

of — S.  M.  Kinlnei-.  Necessary  ap- 
])ai-atus;  jn'odiu'tion  and  action  of 
electro-magrnetic  waves,  the  coherer 
and  method  of  operation;  Fessen- 
den's  liquid  baretter.  Arrangement 
and  operation  of  apparatus.  T)-2,  W- 
1700.     Vol.   I,  p.   270,   June,   '01. 

Line  on  Power  Line  Poles — Allan 
K.  Ransom.  Construction;  protec- 
tion. W-300.  Vol.  II,  p.  681,  Nov., 
'05. 


Telephone  and  Power  Circuits  on 
Same  Poles — G.  \V.  Appier.  Construc- 
tion, eliminating  induction  and  cross- 
ing Willi  power  lines.  D-1,  "\V-100. 
Vol.   H,  ]).  r,7S,   Sept.,  '0.-,. 

Telephone,  The  Modem  —  S.  P. 
Grace.  Physical  principles;  develop- 
ment: auxiliary  apparatus;  its  use; 
swltchboard.s.  D-4,  1-12,  W-4000. 
Vol.   T,  p.    317,  July,   '04. 

Telephone  Engineering  —  Chas.  F. 
Scott.  ( E. )  General  scope  of  the 
problem.  W-GOO.  Vol.  Ill,  p.  123, 
Mar.,   '06. 


POWER 


General 


Power  Plant  Economics — Henry  G. 
Stott.  Factors  affecting  present  and 
])ossible  future  efRciencv.  T-2,  W- 
1000.      Vol.    Ill,  p.    106,   Feb.,  '06. 

(E)   Chas.  F.   Scott.      W-900,  p.   64. 

Causes  of  Accidents  in  Power 
House  Operation — H.  Gilliam  (E). 
W-SfiO.     A'ol.  Ill,   p.   242,  May,  '06. 

Selling  Current  in  Cities  of 
Twenty  Thousand  Inhabitants  —  H. 
C.  Ayers.  W-1900.  Vol.  III.  p.  353, 
June,   '06. 

Moto  s  ■■  nd  Their  Application 

Electric     Motor    Applications  —    J. 

Henry  Klinck.  Selection  of  motors; 
methods  of  control;  three-wire  dia- 
gram. D-1.  1-19,  W-3S00.  Vol.  II,  p. 
556,    Sept.,   '05. 

Induction  Motor  for  Elevators — 
Henry  D.  James.  The  field  for  the 
induction  motor.  V-300.  Vol.  I.  p. 
19  7.    May,    '04. 

Drives,  Direct-Current  Systems  of 
Electric  — •  W.  A.  Dick.  Constant 
speed  systems;  disadvantages.  Vari- 
able speed  systenns:  advantages. 
P''ive  svstems;  diagrams  of  circuits. 
D-7,  1-13,  W-2200.  Vol.  I,  p.  251, 
June,  '04. 


Electric  Elevator  —  Henry  D. 
James.  Application;  advantages  and 
disadvantages;  auxiliary  apparatus. 
Induction  motor  for  elevator  work. 
I-S.  W-2S00.      Vol.  I,   p.    1S7.    May,   '04. 

Application  of  Motors  to  Machine 
Tools — J.  !M.  Barr.  Classes  of  ma- 
chines; advantage  of  variable  speed 
motor;  speed  curves;  formula?  for 
power  required.  C-1.  1-3.  "\V-1400. 
Vol.    II.    p.    11.    Jan.,   '03. 

The  Roll  Motors  of  an  Electrically 
Operated  Rail  Mill — B.  AViley.  A  de- 
scription of  rail  mill  No.  3.  Edgar 
Thompson  Steel  Works.  D-4.  1-2,  TT- 
1500.      Vol.   III.   p.  456.   Aug.,   '06. 

Motors  in  Steel  Mills  (E) — C.  S. 
Cook.  W-600.  Vol.  III.  p.  421,  Aug., 
'06. 

Application  of  the  Auxiliary-Pole 
Type  of  Motor — J.  il.  Hippie.  Also 
methods  used  for  variable  speed 
work.  D-2,  I-l,  W-1500.  Vol.  III.  p. 
34S,    June.    '06. 

Auxiliary-Pole  Motors  and  High 
Speed  Steel — J.  M.  Barr  (E).  W-500. 
Vol.    III.  p.    301.   June.   '06. 

The  Electric  Vehicle  —  Hayden 
Fames.  Its  present  status  and  rela- 
tion to  the  central  station.  T-1.  T-2, 
W-3S00.      Vol.   Ill,   p.    280,  May.   '06. 

(E)  Electric  Wagon  —  Chas.  F. 
Scott. 


RAILWAY  ENGINEERING 

GENERAL 


Traffic  Problems  of  the  Day — Cal- 
vert Townley.  Limitations  of  city 
service;  importance  of  the  mtiltiple 
unit  system;  comparison  with  old 
systems.  W-400.  Vol.  I,  p.  530,  Oct., 
"04. 


City  Traffic  as  Affected  by  Train 
Control — Calvert  Townley.  limita- 
tions of  cit.v  service;  importance  of 
the  multiple  unit  system  of  control; 
old  svstems.  W-400.  Vol.  I,  p.  530, 
Oct.,   '04. 
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Heavy  Railway  Service — Altemat- 
ing-'Current  in — B.  G.  Lamme.  Gen- 
eral considerations  of  single-phase 
system  and  comparison  with  direct- 
current  system  with  sub-stations. 
W-3600.    Vol.   Ill,   p.   97,   Feb.,  '06. 

(E)  Features  and  Development — 
F.  H.   Shepard.     W-SOO,  p.   61. 

Effects  of  Chang'es  in  Operating' 
Conditions — F.  E.  Wynne.  Accelera- 
tion, length  of  run,  braking  rates, 
gear  ratio.  C-12,  "W-2200.  Vol.  Ill, 
p.  369,  July,  '06. 

Electric  Railway  Engineering* — 
Chas.  F.  Scott.  (E.)  _  Solving  Prob- 
lems. W-250.  Vol.  ill,  p.  5,  Jan., 
'06. 


SYSTEMS 


Calculation  of  Speed-Time  and 
Power  Curves — F.  E.  Wvnne  C-4 
W-.;7oO.      \-ol.    in.  u.    2-17.  "Mav,   '06      ' 

Operation  of  Electric  Cars — F.  E 
^"i  ynne.  General  principles.  Series 
vs.  shunt  motors.  D-8,  W-t300  Vol 
III,  p.   7,  Jan.,  '06.  . 

The  English  Board  of  Trade C    S 

Powell  (E;.  Method  of  investigating 
accidents.  W-650.  Vol.  Ill,  p.  66o 
Dec,    '06. 

"starting-    a    Larg-e  Railway    Service 

— R.  L.  Wilson  (E).  Example.-^  cited 
from  several  large  railwavs.  \V-400. 
Vol.  Ill,  p.   301,  June,  '06.  ' 


Sing^le-Phase    Electrifications — New 
Haven     and     Saruia     Tunnel — B.      G. 

Lamme.  Systems  and  equipments. 
Electrical  and  mechanical  features 
of  design  and  operation.  Locomotive 
tests.  1-5,  W-7000.  Vol.  Ill,  p.  187, 
Apr.,   'OG. 

New  Haven  Electrification — Some 
Comments  on  the  Proposed  Plans. 
W-1300.      Vol.  III.  p.  3S0,   July.   '06. 

Iiong-  Island  Railroad  Electrifica- 
tion— O.  S.  Lyford.  Jr.  General  out- 
line. W-1500.  Vol.  Ill,  p.  29,  Jan., 
'06. 

Sing-le-Phase  Railway — The  Civita 
Castellana — W.  R.  Slinemetz.  Con- 
struction and  operation.  1-3,  W- 
1250.      Vol.    Ill,    p.   218,   Apr.,    '06. 


Inaugurating-  Electric  Service  in 
the  Mersey  Tunnel — H.  L.  Kirker. 
I-l.    \\'--:2in'.     Vol.    III.  p.  25;:i,  Mav, '06. 

Inaug-urating  Electric  Service  on 
the  Metropolitan  Railway  —  H.  L. 
Kirker.  AV-155.  \'ul.  Ill,  p.  330, 
June,  '06. 

The  Spokane  &  Inland  Siag-le- 
Fhase  Railway — J.  B.  Ingersoll. 
Cost,  power,  overhead  construction, 
equipment.  D-1,  1-3,  W-2000.  Vol. 
Ill,   p.    129,   Aug..   '06. 

(E)   A.   H.   Mclntire.     W-S50,   p.   422. 

The  -Vallejo,  Benica  and  Napa  -Val- 
ley Railway — George  T.  Hedrick. 
Charge  over  from  7oO  to  3300  volt 
service.  W-750.  Vol.  Ill,  p.  657, 
Nov.,    '06. 


CARS  AND  LOCOnOTlVES 

Iiocomotives  vs.  Motor  Cars C.   F. 

Street.  Comparative  efficiency  and 
cost.  C-1,  W-2500.  Vol.  Ill,  p.  571, 
Oct..     06. 

(E)    X.  V.   Storer.     ^'-350,  p.   541 

Single-Phase  135-Ton  Locomotive 
— N.  W.  Storer.  Description  and 
tests.  See  (E)  p.  393.  1-2,  W-800. 
Vol.  IL  p.    359,  June.   'OS. 

Sing-le-Phase  Locomotive  Testing- 
— Graham  Bright.  Tests  necessary; 
results  of  test;  curves.  See  (E)  by 
N.  \V.  Storer,  p.  770.  C-4,  W-750. 
Vol.   II,  p.   764,  Dec.   '05. 

Test  on  Sing-le-Phase  Equipment — 
Graham  Bright.  Method  of  tests; 
readings  taken;  curves;    service   tests. 

Kilowatt  Hours  Per  Car  Mile 
C-4,  W-1200.  Vol.  II,  p.  G51.  Nov., 
Comment  on  article  bv  Mr.  Graham 
Bright.  W-750.  Vol.  ill,  p.  60,  Jan., 
06. 


Foundation    Brake    Rig-ging- — ^E.    H. 

Dew'son.  Truck  leveiage  ratio;  forms 
of  levers;  formula;  used  with  eaclr, 
specific  problem.  T-1,  D-6,  W-2300. 
Vol.   II,  p.   158,  Mar.,  '04. 

Straigfht  Air  Brake — Motor-Driven 
Type — Earl\-  types;  economy  of  pow- 
er brake;  cources  of  power;  auxiliary 
apparatus;  data  for  design;  advan- 
tages and  disadvantages  of  straiglit 
air  brakes.  I-l,  W-1600.  A'ol.  I,  p. 
497,   Oct..   '01. 


Brakes  * 

Automatic  Air  Braking-  for  Electric 
Railways — Sinarl  J.  Fulloi-.  History 
of  its  invention  and  development; 
data  to  be  considered  in  laving  out  a 
system.  1-4,  W-2200.  Vol'.  I,  p.  571 
Nov.,   '04. 

Compressors  —  Motor-Driven  —  E 
H.  Dewson.  Description  ,.f  common 
forms;  ciiijicity ;  elliicionrv.  T-6  W- 
1500.      \-,,l.    II,   p.    ;!ol,    :\n,v.    -0.-,. 

Governors,  Automatic  Pressure — 
E.  H.  Dewson.  Types;  action;  dia- 
grams. 1-5,  W-2000.  Vol.  II,  p.  445, 
July.  "05. 

Straig-ht  Air  Brake,  Details  of  the 
— E.  II.  Howson.  ()i)er:Hing  valves, 
rotary  and  slide  valve  tvpes;  stan- 
dard brake-cylinder;  slack  adjusters; 
air  consumption  of  wliistles.  D-1. 
1-5.   W-2300.      Vol.   T.   p.   c.-.n    i~>pc     'O-t 


Transmission  Gear  of  an  Air  Brake 
Equipment — 1'].  11.  I  »ewson.  Trans- 
mission gear,  brake  c\linder  ani.1 
shoes.  Adhesion  of  wheels  to  rails. 
Effect  of  speed.  Proper  pressure  of 
brake  shoes.  Methods  of  liangingthe 
shoes.  T-2,  D-1,  W-1300.  Vol.  11,  p. 
105,  Feb.,   '05. 


Triple     "Valves — Plain      and     Quick 

Action — 1".  11.  I'ewson.  I'onstruct  ion 
and  operation  of  the  tw>>  val\es; 
various  triple  valves  in  section.  1-7. 
W-2000.     Vol.   II,  p.   45,  Jan..  '05. 

Maintenance  and  Repair 

Equipping]  Electric  Cars  —  II.  I.  Em- 
anuel. Placing  aiiparatus.  wiring  fiir 
motors,  lights,  rheostats,  etc.  W- 
1400.     Vol.   III.  p.   698,  Dec.  '06. 

{FA  R.  L.  Wilson.  W-300.  Vol. 
III.   p.   662.   Dec.   '06. 

Maintenance  of  Equipment — .1.  E. 
Webster.  ^Mileage  and  inspection 
systems;  care  and  protection  of  roll- 
ing   stock.       1-6,    W-3000.       Vol.    I.    p. 

:;:."..   .\ng.,  '04. 
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MISCELLANEOUS 


Ballooning',   Some  Experiences  In    - 

U,  \Vik:iiiili;r.  Jirii;!'  liislory  of  tlio 
various  types  of  flying  inacliines. 
Record  of  tlie  more  famous  makers 
of  alrsliips.  I-l,  W-2200.  Vol.  I,  p. 
45G,   S>'pl.,   '04. 

First  Aid  to  tlie  Injured — Ira  N. 
Fix,  M.D.  Precaution  against  shock 
after  accident;  stoppage  of  bleeding; 
metliod  of  dressing  a  wound;  frac- 
tures; first  treatment  of  burns;  pro- 
cedure in  cases  of  electric  shock.  1-2, 
W-800.     Vol.  I,  p.   286,  June,  '04. 

Niagrara  Falls — Aesthetic  vs.  Eco- 
nomic Value.  W-2  400.  Vol.  Ill,  p. 
339,   June,  '06. 


ERAL 

Metal  Specimens  for  Microscopic 
Views — A  method  for  extiibiiln^  the 
;i|)|)ea  ranee  of  a  .specimen  on  a 
.sereen,  directly  from  the  .specimen. 
VV-300.     Vol.   I,  p.  2:rj,  May,  '04. 

Xtadlum — Prof.  Henry  A.  Perkins. 
Report  of  a  lecture  delivered  before 
Tlie  Electric  Club.  W-1200.  Vol.  II, 
p.    194,   Mar.,   '0.5. 

Alternating'  -  Current  Electrolysis 
— S.  M.  Ivinlner.  'I'est.s;  .specimens; 
conclusions.  See  (E)  by  P.  M.  Lin- 
coln, p.  707.  1-4,  W-1200.  Vol.  II, 
p.    66S,  Nov.,   '05. 

Westing-bouse  Electric  &  Mfg^.  Co. 
— New  East  Shop.  C.  C.  Tyler.  I-l, 
W-3500.      Vol.    J.    p.   .•!7,    Feb.,    '04. 

The  Waste  of  Time — E.  S.  McClel- 
land. Methods  and  effects  of  wast- 
ing time.  Economy  of  time.  W-1600. 
Vol.   Ill,  p.  93,  Feb.,  "06. 


THE   ENGINEER 
Education 


Education,  Technical.  (E).  Com- 
parison of  President  Humphreys' 
views  with  tliose  of  Mr.  L.  A.  Os- 
borne, expressed  in  an  address  before 
the  A.  I.  E.  E..  W-SOO.  Vol.  I,  p. 
371,  July,  '04. 

Education,  Various  Kinds  of — Wal- 
ter C.  Kerr.  Address  at  dinner  of 
Cornell  Alumni,  Chicago,  '05.  W- 
1800.      Vol.   II,  p.   289,   May,   '05. 

Eng-ineering  and  the  CoUeg-e  Grad- 
uate— H.  W.  Buck  .  The  real  bene- 
fits of  college.  Status  of  the  engi- 
neer in  society.  W-1000.  Vol.  II,  p. 
685,   Nov.,    '05. 

Engineering-  Training-.  Extracts 
from  addresses  by  F.  W.  Taylor  and 
Alexander  C.  Humphreys.  W-2200. 
A'ol.  Ill,   p.   693,   Dec,  '06. 

Engineering-  Opportunities  and  Re- 
quirements— Geo.  A.  Damon.  From  a 
paper  read  before  the  Western  So- 
ciety of  Engineers,  Mch.,  '04.  See 
(E),  p.  63.  W-3800.  Vol.  II,  p.  16, 
Jan.,  '05. 

Carnegie  Gift  to  Engineering- — W. 
M.  McFarland  (E).  Factor  this 
building  will  be  in  the  advancement 
of  the  profession.  W-500.  Vol.  I, 
p.    184,   Apr.,   '04. 

Technical  Training-,  Practical  "Util- 
ity of — William  Barclay  Parsons. 
From  an  address  before  Nat.  Educ. 
Assoc.  W-1800.  Vol.  II,  p.  533,  Sept., 
•05. 

Technical  Schools:  Mr.  Wurts  and 
the  Carnegie — Sketch  of  Mr.  Wurts. 
Scope  and  plans  of  the  school.  1-4, 
W-1000.     Vol.   II,  p.   425,   July,  '05. 


Getting-   on,    Some    Difficulties    in — 

James  Swinburne.  Abstract  of  an 
address  delivered  to  students  of  the 
British  Institute  of  Electrical  Engi- 
neers, Nov.,  '04.  See  (E)  bv  Chas. 
F.  Scott,  p.  192.  W-2600.  Vol.  II,  p. 
174,   Mch.,   '05. 

Ginger  Plus  Education,  Insepara- 
ble— Frank  H.  Taylor  (E).  Needful 
qualities  for  success  in  a  great  cor- 
poration. W-600.  Vol.  II,  p.  60,  Jan., 
'05. 

Education,  The  Business  Side  of 
Technical — Alexander  C.  Humphreys, 
President  of  Stevens  Institute.  From 
address  delivered  at  Siblev  College, 
Cornell  University.  W-290().  Vol.  I, 
p.    342,  July,   '04. 

Eng-ineering-  Honor  and  Institute 
Branches  (E) — Chas.  F.  Scott.  Com- 
ment on  address  bv  Dr.  Wheeler, 
President  A.  I.  E.  E.  W-900.  Vol. 
Ill,  p.   361,  July,  '06. 

The  Technical  Man  as  the  Auto- 
crat of  the  Business  World.  W-700. 
Vol.   Ill,  p.    295,   May,  '06. 

Co-Ordinate  Engineering-  (E) — W. 
M.  McFarland.  W-500.  Vol.  Ill,  p. 
365,  July,  '06. 

Shorthand  Eng-ineering- — George  A. 
Wardlaw.  Proper  and  improper  use 
of  abbreviations  in  engineering  lit- 
ertiture.  A.  I.  E.  E.  list  of  abbrevia- 
tions. W-2000.  Vol.  II,  p.  233,  Apr., 
'05. 

A  Spelling  Lesson  (E).  W-300. 
Vol.  Ill,  p.   186,  Apr.,  '06. 

Theory  and  Practice  (E) — W-500. 
Vol.   II,  p.   518,  Aug.,  '05. 


Apprentice 


Advice:    Apprentice    to    Apprentice. 

Letter  of  an  apprentice  who  has  just 
begun  outside  work.  Advice  to  one 
still  in  the  shops.  W-700.  Vol.  II, 
p.   109,  Feb.,  '05. 

Apprenticeship  Course  —  Making 
of  a  Man — Frank  H.  Taylor.  An  ab- 
stract from  an  address  before  The 
Electric  Club.  Gives  some  of  the 
non-technical  advantages  of  the  ap- 
prenticesliip  course.  W-1200.  Vol. 
I,  p.  177,  Apr.,  '04. 


Apprenticeship  Course,  Opportuni- 
ties of  the — W.  M.  McFarland.  A 
lecture  before  The  Electric  Club.  W- 
1800.      Vol.   I,   p.    645,  Dec,   '04. 

Apprentice,  His  Wort  and  His  Fu- 
ture. Account  of  the  fourth  annual 
banquet  of  Westinghouse  appren- 
tices. W-1400.  Vol.  II,  p.  255,  Apr., 
'05. 

Electric  Club,  An  Apprentice's  Im- 
pression of  (E).  W-600.  Vol.  I,  p. 
625,  Nov.,   '04. 
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The  Value  of  an  Eng'iueering'  Ap- 
prenticeship Course — Cha%.  E.  Down- 
ton  (E).  W-450.  Vol.  Ill,  p.  604, 
Nov.,   '06. 

Apprenticeship  as  an  Investment 
for  the  Future — ^Chas.  P.  Scott  (E). 
As    a    post-graduate    course    in    engi- 


neering.     W-600.       Vol.     Ill,    p.     244. 
May,   '06. 

To  the  Young  Man  Entering'  the 
Works — Chas.  F.  Scott  (E).  The  ne- 
cessity for  liarmonious  co-operation 
in  every  department  of  a  large  or- 
ganization. W-SOO.  Vol.  I,  p.  429, 
Aug.,   '04. 


Road  Engineer  and  Construction  Work 

(Other  articles  under  their  appropriate   headings) 


Experience     on     the     Boad — H.     Li. 

Stephenson.  Troubles — causes;  reme- 
dies. W-3000.  Vol.  II,  p.  410,  July, 
'05. 

Experiences  on  the  Boad — B.  C. 
Shipman.  Troubles  encountered  and 
how  overcome.  W-4000.  Vol.  II,  p. 
347,   June,  '05. 

Experience  on  the  Boad — Essen- 
tials of  good  soldering.  W-1400. 
Vol.  II,   p.    690,   Nov.,  '05. 

Experience  on  the  Boad — G.  B. 
Rosenblatt.  An  incident  with  water- 
cooled  transformers.  W-1400.  Vol. 
II,  p.  600,  Oct.,  '05. 

Experience  on  the  Boad — C.  L. 
Abbott.  Items  of  experience  in  erec- 
tion and   trouble   work.     W-600.      Vol. 

II,  p.   768,  Dec,  '05. 

General  Requisites 

Point  of  View,  The — Walter  C. 
Kerr.  An  address  delivered  at  Stev- 
ens Institute  of  Technology.  W-3000. 
Vol.  I,  p.   563,  Nov.,  '04. 

Some  Belations  of  the  Engineer  to 
Society — H.  G.  Prout.  An  address. 
W-5500.      Vol.   Ill,   p.  494.   Sept.,  '06. 

The  Voung  Engineer  and  His  Op- 
portunity— C.  P.  Scott.  Portion  of 
an  address  to  the  graduating  class, 
'03,  Stevens  Institute  of  Technology. 
W-2400.      Vol.   I,   p.    198,   May,   '04. 

The  Testing  Engineer — Chas.  B. 
Dudley.      An   address.     W-4100.      Vol. 

III,  p.   614,  Nov.,  '06. 

(E)    Chas.  P.    Scott.      W-430,   p.    603. 

Discovery  and  Invention  —  E.  G. 
Acheson.  An  address.  W-5000.  Vol. 
Ill,  p.   554,  Oct.,   '06. 

Success  in  Electrical  Engineering 
— Chas.  P.  Scott  (E).  W-400.  Vol. 
II,  p.  392,  June,  '05. 

Commercial  Electrical  Engineer- 
ing— Chas.  P.  Scott  (E).  W-400. 
Vol.    II,    p.    261,    Apr.,   '05. 

IJnforseen  Consequerces  of  Engi- 
neering (E) — Chas.  P.  Scott.  W-750. 
Vol.    Ill,    Oct.,   '06. 

Engineering  Opportunities  —  Geo. 
A.  Damon.  Prom  a  pjiper  read  be- 
fore the  Western  Societv  of  Engi- 
neers, Mar.,  '04.  See  (E),  p.  63.  W- 
3800.      Vol.   II,    p.    16,    Jan..    '05. 

Imagination  in  Engineering — Chas. 
P.  Scott  (E).  W-600.  Vol.  II,  p.  324, 
May,   'O."-,. 

Useful  Co-Operation — W.  C.  Kerr. 
A  paper  read  at  a  meeting  of  the  dis- 
trict   managers    of    the    Westinghouse 


One    Side   of    Construction    Work — 

W.  H.  Rumpp.  Three  classes.  Inci- 
dents— troubles — causes  and  reme- 
dies. W-3400.  Vol.  II,  p.  238,  Apr., 
'05. 

Boad  Engineer,  The  (E).  Giving 
some  of  the  necessary  qualifications. 
W-350.      Vol.  I,   p.    627,   Nov.,  '04. 

Boad  Engineer,  Specifications  for — 
R.  L.  Wilson  (E).  T\'-450.  Vol.  II, 
p.    456,   July,   '05. 

Hauling  Electrical  Machinery  Un- 
der Difficulties — J.  E.  Johnston.  W- 
450.      Vol.   Ill,  p.   659,   Nov.,  '06. 

Method  of  Unloading  a  Iiarge  Bo- 
tor — J.  W.  Sweeney.  I-l,  W-200. 
Vol.    Ill,  p.    417,    July,   '06. 

Generator  Troubles,  Etc. — C.  L. 
Abbott.  Road  experience.  D-2,  W- 
500.     Vol.   Ill,   p.    179,  Mar.,  '06. 

and  Opportunities 

Electric  &  Mfg.  Co.,  Nov.,  '05.  See 
(E)  by  Chas.  P.  Scott,  p.  772.  W- 
2600.     Vol.   II,   p.  729,  Dec,  '05. 

Man  of  the  Future — Prank  H.  Tay- 
lor. An  address  delivered  before 
The  Electric  Club.  W-1400.  Vol.  II, 
p.    461,   Aug.,   '05. 

Man  Power.  An  address  to  The 
Electric  Club — T.  C.  Prenyear.  Need- 
ful characteristics  of  the  successful 
man.  True  principle  of  organization 
in  a  democratic  community.  See  (E) 
by  C.   P.   Scott,  p.   118.     W-3500.     Vol. 

I,  p.   75,   Mch.,  '04. 

"Message  to  Garcia" — L.  A.  Os- 
borne (E).  Emphasizing  the  neces- 
sity for  intelligent  co-uperation  in 
any  organization.  W-400.  Vol.  I,  p. 
249,   May  '04. 

Opportunity  of  the  Engineer — H. 
G.  Prout  (E).  On  American  resources 
and  opportunities.  W-300.  A'ol.  I,  p. 
309,  June,  '04. 

Up-to-date  Engineer  (E).  How  to 
become  and  remain  one.  W-1200. 
Vol.    I,   p.   492,   Sept.,   '04. 

Pull   and   Push    (E).      W-250.      Vol. 

II,  1).    521,    Au^^,    '05. 

Work,  A  Man's  (E>.  W-500.  Vol. 
I,  p.   687,  Dec,  '04. 

Why  Some  Engineers  Fail — i^'has. 
P.  Scott  (E).  \V-500.  Vol.  II,  p. 
583,   Sept.,   '05. 

Technical    Education. 
from  Frank  T.  Sprague. 

III,  p.  711,   Dec,   '06. 
Experience — Chas.      F 


A     letter 
W-400.    Vol. 


Scott     (E). 


W-400.      Vol.   II,   p.    457,   July,  '05. 


Personal 


Ahry,  Bertrand  Buhre.  A  tribute 
from  the  Electric  Club.  W-400. 
Vol.    I,    p.    643,    Dec,    '04. 

Bannister,  I^emuel — Calvert  Town- 
ley.  A  short  sketch.  I-l,  W-600. 
Vol.  Ill,  p.  328,  June.  '06. 


Franklin,  Benjamin  (E1 — Percv  H. 
Thomas.  W-250.  Vol.  Ill,  p.  303, 
June.    '06. 

Prenyear,   Thomas   Cyprian — W.    M. 

Mcl-'arland.  An  obituary  with  por- 
trait. W-1000.  Vol.  I,  p.  23.  Feb.. 
•04. 


I« 


Feck,  John  Sedywick.  An  account 
of.  tlie  r.iicwi-ll  (liiiiHT  Icndei-cd  In 
Mr.  J\-ck  licMiiii'  his  (loparturu  for 
IOiikI.iihI.  I-I.  \V-S(iii.  Vol.  I,  p.  587. 
Nov..    'III. 

Schinid,  Albert,  Director-General  of 
tlie  Hociele  Anonyrne  We.stinf^lioiise 
— ir.  I,'.  lObert.  A  .skelcli  of  his  char- 
acter and  work.  See  frontispiece. 
W-tiOO.      Vol.    I,   i>.   40S,   Aug.,  '01. 


"Westing-house,  George — F.  II.  Tay- 
lor. .\  rcspriiisi-  111  ,1  toast  at  a  din- 
iifi-  is.\\f\\  to  the  district  nian.'iKcrs  of 
1  he  lOlccI  I  ic  ("ntnp.iiiv.  W- I  .'.(iii.  \\,\. 
I,    1-.     I.    l-"cl>.,    '0  1. 

Contributors  to  the  Journal  for 
1906,  \V--.  Vol.  Ill,  I).  713,  Dec, 
"OG. 

(VA  AN'ho'.s  Who  in  the  Journal — 
.\.    II.    .■\Icliitiro. 


nisceWaneous 


Articles  on  Orgfanizations   fiO).     AV- 

300.     \'ni.  Jir,  p.  iL's.  Auk-,  'oi;. 

Organization  of  The  Electric  Com- 
pany—  i;.  M.  Ilcrr.  Outline.  I'ossi- 
hjlities  for  advancement.  Kfflciency 
— team  work.  \V-1400.  Vol.  Ill,  p. 
082,   Dec,   '06. 

Westing-house,  Church,  Kerr  &  Co. 
— \^',■llll•l•  (".  Kerr,  ilistoriciil  ro\-icw 
of  the  work  oC  tlie  ciuiipan.\'.  The 
Penns\l\;i  nia.    rMilro.-id    terminal.       \V- 

:;o(Hi.  ■  \-(ii.  11 1.  p.  :;s(),  .luiy.  'ot;. 

The  Union  Switch  &  Signal  Com- 
pany— II.  G.  Trout.  A  review  of  its 
history  and  work.  W-3500.  Vol. 
HI.    p.    4.'i0,    Aug.,   '06. 

The  New  Engineering-  Building 
(E).  Chas.  F.  Scott.  Gomnicnt  on 
laving  the  cornerstone.  A\'-750.  Vol. 
Ill,   p.    304,   June.    '06. 

The  Durable  Satisfactions  of  Iiife 
— Charles  William  Eliot.  Extracts 
from  the  address  at  Harvard  Uni- 
versity. W-1300.  Vol.  Ill,  p.  35,  Jan., 
'06. 

Central  Station  Proflt^ — J.  H.  Smith 
(E).  Power  load  necessary.  W-350. 
Vol.    ITT,   p.    126,    Mar.,   '06. 

Co-Operative  Electrical  Develop- 
ments (E) — J.  H.  Smith.  W-130. 
Vol.    ITT,    p.   1S6,   Apr.,   '06. 

"The  Receeprocatin'  Mon."  A 
poem.  W-140.  Vol.  Ill,  p.  300,  May, 
'06. 

Utopia,  A  Modem — Chas.  F.  Scott 
fE).  W-400.  Vol.  IT,  p.  455,  July, 
'05. 

International  Electric  Congress — 
Chas.  F.  Scott  (E).  Various  aspects 
of  the  work  taken  up  at  the  Louis- 
iana Purchase  Exposition  at  the 
meeting  in  Sept.,  '04.  W-300.  Vol. 
I,   p.    559,   Oct.,   '04. 


Indexing  Engineering  Keferences — 

ricdigf  I'.iisons.  Outline  scheme  and 
method  of  using.  1-2,  W-1700.  Vol. 
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"Our  purpose  is  definite :  to  publish  a  journal  for 
The  young    engineers,    containing    material    suited    to 

Eiectric  their  needs   and   written   in   a   form  to  meet  their 

Journal  education  and  experience.     To  what  extent  we  ac- 

complish this  purpose,  the  Journal  itself  will  de- 
termine. 

"Our  aim  therefore  is  to  be  of  service  to  the  young  engineers 
— and  it  is  hard  to  find  an  electrical  engineer  who  is  not  young — 
in  making  him  a  better  engineer  and  a  broader  man.  A  Journal 
of  Engineering  and  a  Journal  of  Inspiration." 

The  foregoing  paragraphs  appear  in  the  editorial  announce- 
ments in  the  first  issues  of  Volume  I.  and  of  Volume  II.  of  this 
Journal. 

They  may  stand  as  statements  of  purpose  and  aim  in  this  the 
first  issue  of  Volume  III. 

To  what  extent  the  purpose  announced  two  years  ago  has  been 
accomplished,  the  support  which  the  Journal  has  received  from  its 
readers  may  be  taken  as  a  fair  indication. 

The  words  of  encouragement  and  commendation  and  the  sub- 
stantial sources  from  which  they  have  come  have  not  only  been 
gratifying  but  have  indicated  that  the  Journaf.  has  been  meeting 
a  real  need  among  many  classes  of  electrical  engineers. 

The  standing  of  the  Journal  may  also  be  measured  numeric- 
ally. While  this  is  not  necessarily  a  true  criterion  of  engineering 
excellence,  it  is  nevertheless  a  convenient  way  to  measure  the  aj)- 
preciation  with  which  the  Journal  has  been  received. 

Since  the  first  issue  of  the  Journal  there  has  been  a  continu- 
ous daily  addition  to  the  subscription  list  with  the  exception  of  a 
single  day  nearly  two  years  ago.  The  total  names  on  the  list  of 
paid  subscribers  (not  including  renewals)  shows  that  over  loooo 
dififerent  persons  have  been  regular  readers  of  the  Journal. 

The  demand  for  bound  copies  of  \'olume  T.  of  the  Journal 
was  so  great  as  to  justify  the  reprinting  of  a  nuniber  of  the  early 
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issues  of  which  our  stock  had  been  depleted.  As  these  first  volumes 
have  been  purchased  by  those  who  were  not  subscribers  of  the 
Journal  from  the  beginning,  but  who  have  since  become  acquaint- 
ed with  its  character,  the  sale  of  over  800  volumes  is  strong  testi- 
mony that  the  Journal  is  worth  having  and  worth  paying  for. 

The  fact  that  the  ideals,  which  some  two  years  ago  resulted 
in  the  establishment  of  this  Journal,  have  in  a  large  measure  been 
realized,  gives  promise  that  a  continuation  of  the  same  purposes 
and  aims  in  the  future  will  meet  with  continued  endorsement  and 
success.  Publication  Committke 


At    the    National    Code    Conference    held    in    New 
Electricity  York  City,   December  4th,   just  before  the   annual 

as  a  Fire  meeting    of    the    Underwriters'    National    Electric 

Hazard  Association,    a   nvmiber   of   very   interesting  points 

were  brought  out  in  a  discussion  of  fire  hazard  of 
electrical  installations  as  compared  with  other  fire  hazards. 

For  a  number  of  years  it  has  been  the  practice  of  the  Under- 
writers to  publish  quarterly  a  statement  of  the  fire  losses  which 
have  been  occasioned  during  the  preceding  quarter  from  electrical 
causes.  The  reading  of  one  of  these  reports  by  one  not  familiar 
with  fire  losses,  gives  the  general  impression  that  electricity  is  a 
very  serious  fire  hazard,  particularly  in  view  of  the  fact  that  figures 
for  other  losses  are  not  given  in  the  same  publication  and  therefore 
no  direct  comparison  can  be  made.  These  reports  have  been  pub- 
lished by  the  underwriters  for  the  purpose  of  educating  their  in- 
spectors and  others  who  have  to  do  with  the  wiring  of  buildings  and 
the  design  of  various  kinds  of  apparatus  which  might  enter  as  a 
fire  hazard.  A  photograph  of  a  defective  joint  in  wiring,  together 
with  a  statement  that  a  fire  started  from  this  defective  joint,  caus- 
ing a  loss  of  half  a  million  dollars,  is  probably  the  most  striking 
method  possible  of  showing  the  necessity  for  following  the  well- 
known  and  established  rules  for  the  making  of  such  joints.  The 
value  of  such  education  to  those  who  have  to  do  with  these  matters  is 
unquestioned,  but,  on  account  of  the  undue  prominence  given  to  the 
subject  of  electrical  losses,  it  has  been  suggested  that  the  publica- 
tion of  the  bulletin  in  question  either  be  discontinued  or  that  it  be 
accompanied  by  a  general  summary  of  the  fire  losses  from  other 
causes,  in  order  that  the  true  relative  status  of  the  electrical  fire 
hazard  may  be  shown  in  this  publication. 


ELECTRICITY  AS  A  FIRE  HAZARD  ^ 

At  the  meeting  referred  to,  figures  were  produced  which  show 
that  electricity  is  not  a  relatively  serious  fire  hazard,  and  that  elec- 
tric wiring  and  electrical  apparatus  properly  installed  are  the  safest 
possible  means  of  transmitting,  and  utilizing  energy  for  the  pro- 
duction of  light  and  power.  The  losses  from  firies  due  to  any  one' 
of  a  number  of  causes  other  than  electricity  are*  annually  very  much- 
greater  than  the  electrical  losses,  but  in  the  absence  of  comparative 
information,  many  people  jump  at  the  conclusion  that  it  is  unsafe 
to  use  electricity  for  any  purpose  on  account  of  the  danger  from 
fire.  This  reason  sometimes  prevents  the  change  from  some  of  the' 
older  forms  of  illuminants  to  electricity,  when,  as  a  matter  of  fact, 
the  form  already  in  use  is  more  dangerous  than  electricity  properly 
installed. 

Electrical  installations  improperly  put  in  may  form  a  serious' 
fire  hazard,  as  live  wires  can  be  a  fire  hazard  even  when  not  carry- 
ing current.  An  oil  lamp  not  lighted  is  not  a  fire  hazard  per  sc.  but 
the  general  risk  in  the  use  of  oil  lamps  is  greater  than  with  electric 
lights. 

The  formulation  and  uniform  enforcement  of  safe  rules  for 
electrical  installation  should  therefore  be  a  matter  of  prime  im- 
portance to  all  concerned  with  electrical  work. 

A  study  of  the  relative  losses  from  electrical  causes  and  those 
from  oil  lamps,  matches,  candles,  etc.,  as  found  in  published  tables 
such  as  the  Chronicle  Fire  Tables  (Chronicle  Co..  Xew  York  City) 
will  show  that  the  electrical  hazard  is  comparatively  very  small.  A 
further  study  of  the  bulletin  published  by  the  underwriters  giving 
the  causes  of  the  fires  due  to  electricity  will  show  that  the  majority 
of  the  electrical  fires  might  have  been  aviudod  by  the  proper  in- 
stallation of  the  wiring  and  apparatus. 

C.  K.  Sk'in'\i:k 


1"lie  article  by   Mr.  James  on   "Automatic  Control 
Automatic  ^^^.  i^^„^  Direct-Current  .Motors"  describes  another 

Control  for  ^^^^  j^^  ^|^^  general  progress  of  electric  motor  ap- 
Electric  plications.     While   the   demand    for   larger   motors 

Motors  |-^j.  g]p^,tj.j^,   traction   is  rapidly   increasing,  the   de- 

mand for  larger  units  of  motor  power  in  the  industrial  field  is  even 
greater.  While  there  are  a  few  electric  locomotives  having  motors 
of  three  hundred  or  four  hundred  horse-power  it  is  not  uncommon 
to  find  motors  of  several  times  this  power  dcMug  work  in  the  indus- 
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trial  ]"k'1(1.  Tlu'  liaiidliiig'  of  these  hir_<;e  niotnrs  soiiictiines  taxes  the 
skill  of  the  (lesi,L;ner,  especially  when  the  f)])crating  conditions  arc 
very  exacting.  In  railroad  work  the  limiting  condition  is  usually 
the  endurance  of  the  motor  and  not  the  endurance  of  the  power 
supply  as  is  often  the  case  in  industrial  work.  Thus  it  is  frequently 
necessary  to  start  a  large  motor  and  bring  it  up  to  speed  without 
drawing  from  the  line  more  than  full-load  running  current,  even 
when  the  motor  must  start  with  a  large  portion  of  its  full  load.  In 
other  cases  it  is  desirable  to  start  the  motor  in  the  least  possible  time 
without  regard  to  the  current  consumption. 

To  fulfill  these  conditions,  in  the  most  economical  manner  and 
without  danger  to  the  operators  or  to  the  apparatus,  is  a  problem  of 
no  mean  proportions  when  dealing  with  several  thousand  horse- 
power. 

It  is  desirable  to  supersede  the  manually  operated  drum  con- 
troller by  an  automatic  controller  not  because  it  is  a  drum  controller 
but  because  it  is  manually  operated.  It  is  the  automatic  feature  that 
is  important,  not  how'  the  motor  circuits  are  made.  That  is,  it  is 
not  a  question  of  the  kind  of  switch  or  switches  used  in  closing 
the  motor  circuits,  but  the  manner  in  which  these  switches  are 
manipulated. 

In  determining  the  kind  of  automatic  controller  that  will 
give  the  best  results  in  a  given  case  the  governing  conditions  must 
all  be  given  due  consideration.  If  it  is  desirable  that  a  given  motor 
should  be  started  from  rest  and  accelerated  to  full  speed  in  a  cer- 
tain time,  regardless  of  any  other  consideration,  it  is  obvious  that 
a  controller  which  is  regulated  by  some  sort  of  a  time  mechanism 
is  what  is  required.  Even  in  this  extreme  case  an  automatic  con- 
troller will  give  better  results  than  a  manually  operated  one,  for  no 
one  can  repeat  the  same  operation  in  exactly  the  same  time. 

If  it  is  desirable  that  the  motor  accelerate  to  full  speed 
with  a  constant  current  consumption  irrespective  of  the  load, 
a  device  that  is  controlled  by  the  value  of  the  current  is  what 
is  required  and  not  one  that  operates  on  a  time  basis.  The 
performance  of  a  controller  of  this  kind  is  even  more  difficult  to 
duplicate  manually  than  the  one  with  a  constant  time  element. 

In  some  cases  it  is  desirable  to  have  a  combination  of  both 
time  and  power  consumption  to  regulate  the  control  apparatus. 

Automatic  control  does  not  necessarily  mean  remote  control 
nor    does    remote    control    necessarily    imply    automatic    control. 


AUTOMATIC  CONTROL  FOR  ELECTRIC  MOTORS      o 

These  two  functions  of  the  control  apparatus  are  quite  independent 
and  distinct.  Remote  control  may  be  automatic  or  non  automatic  and 
likewise  a  control  that  is  not  remote  may  be  automatic  or  non- 
automatic.  An  automatic  control  is  one  in  which  the  cycle  of 
operations  once  set  in  motion  by  the  operator  procedes  automati- 
cally and  without  attention.  The  operator  simply  indicates  what 
the  control  apparatus  shall  do  and  the  apparatus  does  it  at  a  prede- 
termined rate  and  according  to  a  predetermined  plan  over  which  the 
operator  has  no  influence.  If  the  motor  is  running  in  one  direction 
and  he  wishes  to  reverse  the  direction  he  simply  indicates  this  by 
the  movement  of  the  master  controller  or  switch  and  the  control, 
apparatus  must  automatically  bring  the  motor  to  rest  and  start 
it  in  the  reverse  direction.  All  this  must  and  can  be  done  without 
any  danger  to  the  apparatus  or  any  machinery  that  the  motor  may 
be  driving.  In  fact  it  is  impossible  for  the  operator  to  damage  the 
apparatus  by  careless  or  malicious  handling. 

The  advantages  of  automatic  control  are  not  confined  to  the 
use  of  direct-current  motors  but  are  equally  applicable  to  alternat- 
ing-current motors.  Nor  does  the  term  automatic  control  app^' 
only  to  the  starting  of  motors.  It  may  include  the  stopping  and 
reversing  or  their  operation  at  any  predetermined  speed.  In  any 
case  the  automatic  control  will  produce  results  superior  to  any  man- 
ually operated  control.  Wii.ijam  Cooper 


The  growth  of  electric  traction  has  lead  to  the  de- 
Electric  vclopment    of    a    specific    group    of    engineering 

Railway  problems.     These   problems,  broadly   speaking,   in- 

Engineering  volve  the  application  of  electrical  apparatus  to  all 
conditions  of  railway ,  operation  ranging  from  the 
ordinary  street  car  to  the  heaviest  express  train.  Tlie  questions  in- 
volve both  theoretical  and  practical  elements.  Sometimes  they  arc 
treated  as  problems  in  higher  mathemati'cs.  Some  engineers  on  the 
other  hand  go  to  the  opposite  extreme  and  attempt  to  use  their  past 
experience  without  clearly  recognizing  many  of  the  fundamental 
mechanical  and  electrical  principles  which  are  involved. 

There  is  an  intermediate  method  which  inxdlves  both  princi- 
l)lcs  and  practice. 

The  first  article  in  a  series  devoted  to  electrical  railway  en- 
gineering appears  in  the  present  issue  of  the  Journai..  These  arti- 
cles will  present  the  salient  engineering  features  of  electric  railway 
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work  in  a  style  which  is  general  and  descriptive  rather  than  tech- 
nical and  mathematical.  The  subject  will  be  treated  by  men  who  are 
in  constant  contact  with  the  questions  with  which  they  deal. 

It  is  quite  appropriate  that  the  initial  article  of  the  series  ap- 
pears in  the  same  issue  with  Mr.  Lyford's  admirable  presentation 
of  the  conditions  which  presented  themselves  in  the  notable  electri- 
fication of  an  extensive  steam  railway  system. 

Chas.  F.  Scott 


The  chief  engineer  of  one  of  the  largest  and  best 
Thinking  managed  street  railway  systems  in  the  country 
said  the  other  day,  'T  will  not  have  men  who  have 
not  had  a  college  training  at  the  head  of  any  department.  I  en- 
deavor also  to  have  as  their  assistants  men  with  a  technical 
training.  While  these  men  cannot  be  held  in  the  organi- 
zation long  because  there  is  little  room  for  advancement,  yet  their 
higher  average  intelligence  makes  it  worth  while  to  have  them." 

This  frank  statement  of  the  value  of  a  technical  training  is 
refreshing.  The  young  men  who  come  to  this  road  have  no  ex- 
^perience  in  the  work  they  undertake  and  have  little  concrete  knowl- 
edge to  apply  to  the  particular  tasks  they  are  set  to.  They  are 
valuable  not  because  of  what  they  know,  but  because  they  have 
learned  to  reason  from  cause  to  effect  and  conscientiously  to  apply  a 
rule  for  experimentation  laid  down  by  Sir  Francis  Bacon  some  two 
hundred  years  ago — to  vary  one  condition  in  order  to  discover  its 
effect  in  the  final  result.     They  have  been  taught  to  think. 

J.  H.  Smith 


ELECTRIC  RAILWAY  ENGINEERING* 

GENERAL  PRINCIPLES  RELATING  TO  THE  OPERATION  OF  CARS  OR  TRAINS 


F.   E.   WYNNE 


THE  main  object  of  any  railwiay  is  to  transport  passengers 
or  freight  from  point  to  point  along  the  Hnes  and  to  tra- 
verse the  distance  in  a  given  time.  Assuming  that  the  lo- 
cation and  construction  of  the  roadbed  and  the  track  have  already 
been  considered,  it  is  then  the  province  of  the  railway  engineer  to 
determine  how  the  traffic  shall  be  handled  and  what  equipment  is 
needed,  that  is,  what  type  and  how  many  cars  shall  be  purchased, 
how  fast  and  how  often  they  shall  be  run  and  what  apparatus  is 
necessary  to  operate  them.  The  railway  engineer  has  not  only  the 
car  equipments  to  deal  with  but  also  the  power  stations,  sub-sta- 
tions and  distributing  lines.  For  the  best  results  these  points  should 
be  given  careful  consicleration  before  the  road  is  completely  located 
and  the  track  constructed,  so  that  the  location  and  construction  mav 
be  adapted  to  the  proposed  service. 

A  number  of  the  general  principles  relating  to  the  operatior.  . 
of  cars  or  trains  are  independent  of  the  motive  power  which  is  used' 
and  these  will  be  considered  first. 

In  operation  over  a  railroad  where  there  are  a  number  of  stops 
to  be  made,  the  speed  of  a  car  varies  widely  from  time  to  time  and. 
in  general,  follows  a  definite  cycle  of  operations  whicli  is  rejieateil 
.-■TPin  and  again.  Starting  from  rest  the  speed  of  the  car  is  in- 
ore,-!sed  or  accelerated,  rapidly  at  first,  then  more  and  more  slowlv 
until  a  i)rartic:!]ly  uniforn-,  sjjeed  is  readied.  This  uniform  sjieed 
IS  M:aintaine(l  for  a  certain  length  of  time.  The  power  is  then  cut 
oft  and  the  car  allowed  to  drift  or  coast,  in  which  case,  of  course, 
the  speed  decreases  slowly.  Finally  the  ])rakes  are  applied  and  the 
car  brought  rapidly  to  a  standstill  in  order  to  take  on  or  discharge 
passengers  or  freight,  after  which  the  same  operation  is  repeateii. 

By  plotting  a  curve  in  wliich  the  instantaneous  speeds  of  a 
car  are  ordinates  and  time  tlie  abscissae,  the  difi'erent  periods  above 
mentioned  can  readily  be  si'en.     Such  a  curve  is  called  a  speed-time 

*Thi.s  articlf  is  the  first  of  a  scries  mioii  l'".lcctric  Railwav  lui.uiiiocriiiir. 
Iliose  articles  are  based  upon  a  course  of  lectures  deliverecl  liv  Mr.'  Clarence 
Renshaw  before  Tbe  Kleclric  Club.  The  ori,<>inal  niUes  Iinve  been  elaborated 
and  the  treatment  of  the  subject  bas  been  made  more  eomprebensive.  The 
preparation  of  llie  series  bas  been  under  ibe  direction  of  Mr.  V.  V..  Wynne,  of 
(be  railway  division  of  the  engineerin.-;-  department  of  liie  Westiiiijhousc 
r.leclrie&  Mfg.   Company. 
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curve,  and  is  extremely  useful  in  studying  railway  conditions. 
Typical  curves  of  this  sort  are  shown  in  Figs,  i  and  2  for  a  car 
making  runs  of  one-half  mile  and  one  mile  respectively,  with  stops 
of  eight  seconds  each.  The  various  periods  on  these  curves  are : 
acceleration,  AB ;  uniform  speed,  BC ;  drifting  or  coasting,  CD; 
braking,  DE;  and  standstill,  EE. 

Referring  to  either  figure,  the  distance  in  miles  divided  by  the 


FIG.    I — 17   TON    CAR,   ONE-HALF    MILE   RUN 

total  time,  AE ,  in  hours  gives  the  schedule  speed  in  miles  per  hour 
for  the  run.  In  the  case  of  a  line  making  a  number  of  such  runs 
between  terminals,  the  schedule  speed  would  be  calculated  from 
the  time  A  of  the  first  run  to  E  of  the  last  run.   The  schedule  speed 
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is  sometimes  called  the  commercial  speed  for  it  is  evident  that  this 
is  the  speed  which  is  of  most  importance  to  the  patrons  of  the  road. 
The  distance  in  miles  divided  by  the  time,  AE,  during  which 
the  car  is  actually  in  motion,  gives  the  average  running  speed.  It 
is  evident  that  in  the  service  where  stops  are  frequent,  there  may 
be  considerable  difference  between  the  average  running  speed  and 
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the  schedule  speed  so  that  they  should  be  carefully  distinguished. 
(  )n  the  other  hand,  where  the  stops  arc  few  and  short  there  may 
be  but  little  dirterencc. 

The  speed  at  the  point   C  is  calleil  the  maximum   speed   and 
since  in  almost  any  class  of  service  this  will  ditler  widely  from  the 
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schedule  speed,  it  also  should  be  carefully  disliuguished  therefrom. 

'J"hc  slope  of  the  lines  //(/'  and  Dli  are  measures  of  the  accelera- 
tion and  braking  rates  respectively.  If,  f<jr  instance,  a  speed  of  13 
miles  per  hour  is  reached  at  G,  Fig.  2,  in  ten  seconds  from  the  start, 
the  rate  of  acceleration  is  i  .3  miles  per  hour  per  second,  and,  in  the 
same  way,  if  the  car  is  stopped  from  a  speed  of  15  miles  per  hour 
at  D  in  7.5  seconds,  the  rate  of  braking  or  retardation  is  two  miles 
per  hour  per  second. 

The  more  rapid  the  rate  of  acceleration  and  braking  in  any 
given  run,  provided  the  same  maximum  speed  is  reached,  the  great- 
er will  be  the  schedule  speed.  On  the  other  hand,  the  more  rapid 
the  rate  of  acceleration  and  braking,  the  lower  is  the  maximum 
speed  required  for  a  given  schedule.  The  shorter  the  length  of  run, 
the  greater  is  the  ratio  of  maximum  speed  to  schedule  speed  and 
the  slower  is  the  possible  schedule  speed.  The  longer  the  stop  after 
a  given  run,  the  greater  is  the  ratio  of  average  running  speed  to 
schedule  speed.  A  more  detailed  discussion  of  these  relations  wall 
be  given  when  the  calculation  of  speed-time  and  power  curves  is 
considered. 

RELATION    BETWEEN    TORQUE    AND    POWER 

The  power  developed  by  an  electric  motor  depends  on  both 
the  torque  and  the  speed  and  is  proportional  to  their  product.  By 
torque  is  meant  the  pounds  pull  at  one  foot  radius  from  the  center 
of  the  armature  shaft.  Power  is  the  rate  of  using  torque.  The 
relation  may  be  illustrated  by  imagining  a  cable  wound  on  a  drum 
two  feet  in  diameter  and  used  to  hoist  a  load  without  the  use  of 
intermediate  pulleys.  The  tension  in  the  cables  corresponds  to  the 
torque.  If  the  tension  is  330  pounds  and  the  speed  is  100  ft.  per 
minute,  work  is  being  done  at  the  rate  of  ioox330=:33  000  ft.  lbs. 
per  minute,  or  one  hp.  With  the  same  tension  (330  pounds)  in  the 
cable  and  a  speed  of  200  feet  per  minute,  the  power  is  200x330= 
66000  ft.  lbs.  per  minute,  or  two  hp.  If  the  load  is  stationary,  the 
torque  may  be  the  same  but  no  power  is  developed.  From  the  fore- 
going example  it  is  evident  that  with  a  given  torque,  power  is  pro- 
portional to  the  speed.  Similarly,  at  a  given  speed,  power  is  pro- 
portional to'  torque. 

RELATION   BETWEEN    TOROL'E   AND   TRACTIVE   EFFORT 

The  force  used  to  propel  a  car  is  ultimately  exerted  at  the  tread 
of  the  car  wheels  and  is  called  tractive  effort.  Since  the  torque  of 
the  motors  produces  tractive  efifort,  there  must  be  a  definite  rela- 


ELECTRIC  RAILWAY  ENGINEERING  11 

tion  between  them.  What  this  relation  is  may  be  determined  by 
following-  the  transition  from  torque  delivered  by  the  motor  shaft 
to  tractive  effort.  In  being  transmitted  from  the  motor  to  tlie  car 
wheels,  a  small  amount  of  power  is  lost  in  the  gears  connecting  the 
motor  shaft  and  the  car  axle.  The  speed  of  the  car  axle  is  changed 
from  that  of  the  motor  shaft  by  the  ratio  of  pinion  diameter  to 
gear  diameter.  Hence,  as  the  power  is  approximately  the  same  at 
the  motor  shaft  and  at  the  car  axle,  the  torque  at  the  axle  must 
be  the  motor  torque  multiplied  by  the  ratio  of  the  gear  to  the  pinion. 
This  ratio  is  most  conveniently  expressed  by  using  the  number  of 
teeth  on  the  gear  and  pinion  as  measures  of  their  diameters.  Since 
the  torque  at  the  axle  is  measured  at  one  foot  radius  and  the  trac- 
tive effort  is  measured  at  the  wheel  tread,  the  tractive  effort  is  to 
the  torque  at  the  axle  as  one  foot  radius  is  to  the  wheel  radius  in 
feet.  Wheel  size  being  usually  given  as  inches  diameter,  the  above 
ratio  may  be  written  as  24  inches  is  to  the  diameter  of  the  wheel 
in  inches. 

TRAIN  RESISTANCE 

The  tractive  effort  required  to  propel  a  car  at  uniform  speed 
on  straight  level  track  is  only  that  necessary  to  balance  the  train 
resistance  at  that  speed.  Train  resistance  is  a  variable  quantity 
and  is  difficult  to  determine.  Among-  the  things  affecting  its  value 
are  the  weight,  size  and  shape  of  car;  speed,  condition  of  track, 
wheels,  and  motor  and  axle  bearings.  Train  resistance  has  three 
compouent  parts,  namely,  journal  friction,  rolling  friction  and  wintl 
resistance.  Journal  friction  is  practically  independent  of  speed. 
Rolling  friction  is  inversely  proportional  to  speed.  Wind  resistance 
is  proportioual  to  some  power  of  the  speed  as  yet  undetermined. 
For  the  consideration  of  the  general  operation  of  single  cars  at 
low  speeds,  the  train  resistance  may  be  taken  as  having  a  constant 
value  of  20  i)ounds  per  ton. 

TRACTIVE   EFFORT   AND   POWER   RKnUIKlCP    FROM    STANDSTH.L   TO 
MAXIMUM    SPEED 

Acceleration  is  the  rate  of  change  of  velocity.  When  the 
change  is  from  a  lower  to  a  higher  speed,  the  acceleration  is  said 
t(^  be  positive.  Acceleration  which  decreases  speed  is  negative. 
Whenever  there  is  a  change  of  speed,  there  luust  be  a  force  which 
causes  the  change.  A  car  running  at  any  speed  possesses  kinetic 
energy  of  the  value,  hMV,  where  ^1/  is  the  mass  in  pounds,  and  [' 
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is  the  sj)ecd  in  feet  per  second.  T'hcrefore,  to  brin*,'  a  car  from 
any  speed  to  a  higher  speed  re(|uires  energy  which  must  be  impart- 
ed to  the  car  through  the  action  of  some  force.  Consequently!  more 
tractive  effort  than  that  which  is  sufficient  to  l)alance  the  train  re- 
sistance must  be  exerted  in  bringing  a  car  from  rest  up  to  any 
speed  or  from  one  speed  to  a  higher  speed.  In  the  present  con- 
sideration, the  friction  of  rest  is  neglected  because  it  is  only  mo- 
mentary and  of  very  uncertain  value. 

A  force  of  91.3  pounds  for  accelerating  one  ton  at  the  rate  of 
one  mile  per  hour  per  second  is  required  to  produce  rectilinear  ac- 
celeration alone.  Additional  force  is  required  to  accelerate  the  re- 
volving parts  of  the  car  and  equipment,  that  is,  the  motor  armature, 
gears,  axles  and  wdieels.  This  force  is  difficult  of  determination 
and  varies  with  the  sizes  and  weights  of  the  revolving  parts  and 
with  the  distribution  of  weight  in  those  parts.  Calculations  in  sev- 
eral specific  cases  have  shown  that  a  force  of  100  pounds  per  ton  for 
accelerating  at  the  rate  of  one  mile  per  hour  per  second  makes 
satisfactory  allow^ance  for  the  rotary  acceleration.  The  force  re- 
quired for  acceleration  is  called  net  tractive  effort.  For  example, 
to  accelerate  a  17-ton  car  at  the  rate  of  1.5  miles  per  hour  per  sec- 
ond (so  that  at  the  end  of  ten  seconds  its  speed  shall  be  15  miles 
per  hour  more)  requires  a  force  equal  to  [(100x17x1.5=2550 
pounds  net  tractive  eft'ort) -J- (20x17=340  pounds  train  resistance)] 
or  a  totab  tractive  effort  of  2  55o-|-340=:2  890  pounds. 

In  starting  a  car,  the  acceleration  at  first  is  very  great,  and  a 
large  tractive  effort  is  required.  The  acceleration  gradually  falls 
oft'  as  the  speed  increases  until  the  total  tractive  eft'ort  is  just  suffi- 
cient to  balance  the  train  resistance.  Under  this  condition  the  car 
runs  at  a  uniform  speed.  Figs,  i  and  2  show  the  tractive  effort 
and  hp  curves  as  well  as  the  speed  time  curves. 

EFFECT   OF   GRADES 

Grades  are  usually  expressed  in  per  cent.,  that  is,  the  number 
of  feet  vertical  rise  in  100  feet  horizontal  distance.  When  given 
in  feet  per  mile,  as  is  sometimes  the  case,  grades  are  readily  con- 
verted into  per  cent,  by  dividing  the  feet  rise  per  mile  by  52.8  (the 
number  of  100  feet  in  a  mile).  When  a  car  runs  up  grade,  work 
must  be  done  in  actually  lifting  the  car  the  amount  of  vertical  rise. 
This  work  is  in  addition  to  the  amount  required  to  overcome  the 
train  resistance,  which  of  course  is  present  on  grades  to  the  same 
extent  as  on  the  level.     Hence  an  additional  force  must  be  exerted 
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to  do  this  work.  If,  in  Fig.  3,  OJV  represents  the  weight  of  the 
car,  this  weight  may  be  divided  into  two  component  forces,  OH 
and  OK.  OH  is  perpendicular  to  the  Hne  of  the  grade  AB  and 
represents  the  pressure  of  the  wheels  on  the  rails.  OK  is  parallel 
to  AB  and  represents  the  component  of  the  weight  tending  to  make 
the  car  run  down  the  grade.  The  force,  OH,  is  balanced  by  the 
upward  pressure  of  the  rails  against  the  wheels  and  offers  no  re- 
sistance to  motion  along  the  grade.  If,  however,  motion  is  to  be 
maintained  when  the  car  strikes  an  up  grade,  a  force  equal  and  op- 
posite to  OK  must  be  added.  OK  is  called  grade  resistance.  In 
the  figure,  the  force,  OK,  is  to  the  weight,  OJV,  as  the  vertical  rise, 
BC,  is  to  the  distance,  AB,  along  the  grade.  For  grades  less  than 
10  per  cent.,  such  as  are  usually  found  in  railway  work,  the  ratio 
of  BC  to  AB  is  very  nearly  the  same  as  the  ratio  of  BC  to  AC,  and 
may  be  taken  as  equal  to  it.    Then,  grade  resistance  is  equal  to  20 


FIG.     3 — CAR    ON    GRADE 

pounds  per  ton  weight  of  car  for  each  per  cent,  grade.  As  l)ofiM\\ 
the  train  resistance  is  assumed  as  20  pounds  per  ton.  Hence,  to  run 
a  car  at  uniform  speed  on  a  grade  requires  [weight  in  tons  multi- 
plied by  (20-(-2o  times  per  cent,  grade)]  pounds  tractive  effort;  or 
40  pounds  per  ton  for  one  per  cent,  grade,  60  pounds  for  2  per  cent.. 
80  i)oun(ls  for  3  per  cent.,  and  so  on. 

EFFECT  OF   CURVATURE  OE  TRACK 

Another  element  wliich  offers  resistance  to  the  motion  of  cars 
is  curvature  of  track.  That  curves  i\o  off'er  a  resistance  to  motion 
may  be  seen  from  the  fad  that  going  around  a  curve  is  equivalent 
to  revolving  around  its  center  of  cm-valure.  llence  with  reference 
to  this  ponit.  a  centrifugal  force  exists  due  to  the  tendency  of  the 
car  to  travel  in  a  straight  line.  This  force  is  balanceil  by  the  jiress- 
ure  of  the  outer  rail  against  the  flanges  of  the  wheels.     Consetpient- 
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ly  there  is  friction  between  flanges  and  rails  which  does  not  ex- 
ist when  running  on  a  straight  track.  The  coefficient  of  friction  is 
undclerniincd,  bnt  nmst  be  greater  than  usual  because  of  the  tend- 
ency of  the  flanges  to  bite  into  the  rails,  and  also  because  of  the 
slii)])ing  of  one  of  each  pair  of  wheels  on  the  same  axle,  due  to  the 
difference  in  length  of  the  outer  and  inner  rails.  Curve  resistance 
inav  be  taken  at  from  0.4  to  0.8  pound  per  ton  per  degree  of  curva- 
ture. 

WHY  SERIES  MOTORS  ARE  USED 

From  the  facts  set  forth  in  the  previous  pages,  the  following 
conclusions  may  be  drawn.  The  operation  of  a  car  involves  a  wide 
variation  in  tractive  eftort  and  speed.  The  greatest  tractive  effort 
is  required  at  the  slow  speed  incident  to  starting.  When  running 
at  full  speed,  a  minimum  tractive  effort  is  needed.  More  tractive 
effort  is  necessary  to  run  up  grades  and  around  curves  than  for 
runnmg  on  straight  level  track,  but  it  is  not  usually  imperative  that 
grades  and  curves  shall  be  taken  at  full  speed.  In  fact  it  is  often 
necessary  to  slow  down  for  safety  in  rounding  a  curve.  From  this 
it  is  seen  that  whenever  great  tractive  effort  is  required,  it  may  be 
obtained  at  the  expense  of  speed.  Consequently  the  variation  in 
the  amount  of  power  required  at  different  points  in  any  cycle  is  less 
than  the  variation  in  either  tractive  eft'ort  or  speed.  It  is  further 
desirable  to  have  the  variation  in  load  at  the  power  house  a  mini- 
mum. Therefore,  the  most  satisfactory  motor  for  operating  cars 
is  that  motor  which  will  commutate  heavy  overloads,  operate  effi- 
ciently in  coming  up  to  speed  as  well  as  at  full  speed,  and  give  a 
wide  variation  in  tractive  effort  with  the  least  variation  of  power. 
A  brief  consideration  of  the  performance  of  the  series  type  of  motor 
and  a  comparison  of  it  with  the  shunt  type  will  show  how  the  series 
motor  is  adapted  to  fill  these  conditions  of  railway  service  and  the 
unsuitability  of  the  shunt  motor,  which  is  typical  of  constant  speed 
machines. 

THE  SERIES   MOTOR 

The  performance  of  a  direct  current  motor  may  be  expressed 
bv  five  curves  showing  for  any  current  within  its  commutation  lim- 
its at  rated  voltage :  the  speed,  torque,  input,  output,  and  efficiency. 
These  curves  are  called  the  characteristic  curves  of  the  motor.  A 
typical  set  of  such  curves  for  a  series  motor  is  shown  in  Fig.  4. 
The  input  is  directly  proportional  to  the  current  and  is  determined 
independently  of  the  other  four  characteristics.    The  five  character- 
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istic  curves  of  a  motor  are  interrelated.  If,  in  addition  to  the  input 
which  is  always  known,  there  are  given  any  two  of  the  other  four 
characteristics  (excepting  the  combination  of  output  and  efficiency), 
the  remaining  two  curves  may  be  calculated  and  plotted.  This  may 
readily  be  seen  from  the  following  relations.  The  horse  power  out- 
put is  equal  to  the  product  of  the  horse  power  input  and  efficiencv. 
The  horse  power  output  is  equal  to  the  product  of  the  torque  at  one 
foot  radius  and  the  speed  in  revolutions  per  minute  divided  bv  the 
constant  5  252. 

The  essential   feature  of  the  series  motor  is  its  variable  field 
strength.     Since  the  field  and  armature  are  in  series,  the  load  cur- 
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rent  is  alsn  the  held  current  antl  the  held  strength  varies  automatic- 
ally with  the  Iliad,  increasing  with  heavy  loads  and  weakening  with 
light  loads.  The  varying  field  alifects  both  the  torque  and  the  speed. 
Torque  is  dependent  upon  and  iiroi)ortional  to  field  strength 
and  armature  ampcre-tiu'us.  l^ach  of  these  varies  directly  with  the 
current,  hence  for  a  given  increase  of  current,  the  cc^rresjionding 
increase  of  tongue  is  much  greater.  In  an  unsaturated  motor,  the 
torque  would  be  prop(M-tional  tit  the  S(|uare  of  the  current.  Since, 
however,  railwav  motors  are  more  or  less  saturated  througlnnit  the 
greater  ]"»art  of  their  working  range,  the  torque  variation  is  some- 
wiial  less  than  proportional  to  the  S((uare  of  the  current.     This  may 
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be  seen  from  llie  following;-  curves,  Fig'.  5,  where  for  any  given 
current  the  torque  is  approximately  i)roportional  to  the  product  of 
the  values  of  field  strength  and  armature  ampere-turns  given  for 
that  current. 

The  speed  of  a  motor  depends  on  the  number  of  armature 
conductors  and  the  field  strength.  The  armature  must  run  at  a 
speed  such  that  the  counter  electromotive  force  generated  will  equal 
the  applied  voltage  minus  the  volts  drop  in  the  motor.  The  drop 
in  the  motor  is  made  up  of  two  parts,  the  CR  drop  in  the  motor 
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windings  and  the  drop  in  the  brushes  and  brush  contacts.  Fig.  6 
shows  a  curve  giving  the  brush  drop  in  a  certain  motor  at  all  cur- 
rent values  from  50  to  500  amperes  inclusive.  Since  the  resistance 
of  a  motor  is  constant  at  a  given  temperature,  the  CR  drop  varies 
directly  with  the  current.  An  increase  of  current  gives  increased 
drop  in  the  motor,  thus  tending  to  reduce  the  speed.  The  field 
strength  also  increases  with  the  current  and  a  further  reduction  in 
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speed  results.  Fig.  7  shows  this  graphically.  AB  is  the  applied 
voltage  and  has  a  constant  value  for  all  currents.  OC  shows  the 
drop  in  the  motor  at  all  currents.  Then  the  vertical  distance  be- 
tween AB  and  OC  at  any  current  gives  the  counter  electromotive 
force  which  must  be  generated  by  the  motor  when  taking  that  cur- 
rent. The  field  strength  is  shown  by  curve  OF.  Since  the  counter 
electromotive  force  is  proportional  to  the  product  of  the  field 
strength  and  the  speed,  it  follows  that  the  speed  is  proportional  to 
the  quotient  of  the  counter  electromotive  force  divided  by  the  field 
strength.  For  an  increase  of  current,  the  counter  electromotive 
force  to  be  generated  decreases  and  the  field  strength  increases, 
consquently  the  speed  must  decrease  as  shown  by  curve  MS.  The 
momentary  overload  to  which  a  motor  may  l)c   subjected   without 
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injury  depends  on  the  commutation.  Since  the  scries  motor  ha- 
a  strong  field  whose  strength  increases  automatically  wilh  the  load, 
it  is  admirably  adapted  to  this  rc(|uirement  of  railway  service.  In 
general,  if  the  current  taken  by  a  series  motor  is  d.nibled.  the  nuHor 
will  develope  from  two  and  one-fourth  to  ihrco  limes  as  nuich 
torcpic;  for  cxani])le,  in  Fig.  4: 

37.5  amperes  (one-half  load)  gives     165  lbs.  torque. 

75  "         (      full  load     )  gives     440     '' 

150  "         (  double  load  )   gives   loSo 

THE  .SIll'N'r    MOTOR 

The  essential  feature  of  the  shunt  \\\o\o\-  is  its  practically  con- 
slant  field  strength.     From  this  it  follows  that  the  torque  is  directly 
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proi)ortional  to  the  current  and  that  the  speed  is  ahnost  constant 
at  all  loads.  Fi^j.  8  shows  speed  and  tractive  effort  curves  for  a 
sluint  motor  j^ivint;-  about  the  same  out])Ut  at  all  currents  as  the 
series  motor  whose  characteristics  are  shown  in  Fig.  4. 

Assume  that  the  17-ton  car  previously  considered  is  equipped 
with  two  of  these  shunt  motors  geared  to  give  the  same  maximum 
speed  (22.8  miles  per  hour)  as  in  Fig.  2,  then  the  full  line  curves  in 
Fig.  8  will  apply.  In  starting,  a  tractive  efifort  of  i  430  pounds  is 
required  per  motor.     To  give  this  starting  effort,  each  series  motor 
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FIG,   7 

takes  "^G  amperes  while  each  shunt  motor  requires  148  amperes. 
If  we  assume  that  the  shunt  motors  are  geared  to  give  the  same 
car  speed  at  full  load,  the  broken  curves  in  Fig.  8  hold.  At  start- 
ing, each  motor  will  take  76  amperes  which  is  the  same  current  as 
with  the  series  motors,  but  the  car  will  reach  a  maximum  speed  of 
only  1 1.8  miles  per  hour.  With  any  gear  ratio  between  the  two 
above   considered,  a  car  equipped  with   shunt  motors  would  take 
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greater  current  in  starting  than  with  series  motors  and  the  car 
would  have  a  lower  ultimate  speed.  In  addition  to  these  disad- 
vantages, the  loss  of  power  in  the  rheostats  when  starting  a  car 
equipped  with  shunt  motors  would  be  greater  than  with  series 
motors. 

Since  a  shunt  motor  tends  to  run  at  practically  constant  speed. 
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it  follows  that  when  large  torque  is  required,  it  nuist  he  produced 
at  a  high  speed,  which  results  in  a  large  output  and  rei|uires  a 
large  input  of  ])nwer.  l"\)r  instance,  on  grades  where  great  tractive 
effort  is  needed,  the  car  equipped  with  shunt  motors  would  run  at 
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almost  the  same  si)eed  as  on  the  level  and  a  larj^e  amount  of  power 
would  be  required.  ( )n  straii^lit  level  track  very  little  power  is  re- 
quired. Hence  therefore,  a  f^reat  variation  in  the  load  on  the  power 
house  would  result. 

From  the  above  it  is  evident  that  the  shunt  motor  is  not  well 
adapted  to  railway  work  and  that  the  series  motor  meets  the  re- 
quirements of  railway  service  previously  outlined. 


Pounds  torque  x  Revolutions  per  minute  (i) 

Horsepower= 

5252 

Pounds  tractive  effort  x  Miles  per  hour  (2) 

1  lorsepower^:  _      _   _      -       -  - 

0.375 

No.  gear  teeth  x  24  x  Gear  effic.  x  Pounds  torque     (3) 

Pounds  tract.  effort= ^^^        .    .  ,        t     1  ,      ,    ,• 

No.  pinion  teeth  x  inches  wheel  diameter 

Inches  wheel  diameter  X  No.  pinion  teeth  x  r.  p.  m. 

Miles  per  hour=  ~       r;^  ;  .  ^ 

336  X  No.  gear  teeth.  (4) 

For  rectilinear  acceleration — 


Pounds  force=9i.3  x  Tons  weight  x  Miles  per  hour  per  second  accel- 
eration (5) 

For  single  cars — 

Pounds  accelerating  force=ioo  x  Tons  weight  x  ]\Iiles  per  hour  per 

second  acceleration  (5) 

Pounds  grade   resistance=20  x  Tons   weight  X  per  cent  grade.  (7) 

Torque  is  approximatelj'  proportional  to  Armature  ampere-turns  x  Field 

strength  in  induction  (8) 

„        ,  .  .         ,  .       ,       Applied  volts — Volts  drop  (9) 

bpeed  IS  approximately  proportional  tO".~rT ,    r    :^,       ." 

hield  strength  in  mduction 

[to    be    continued] 


THE  STEAM  TURBINE  SITUATION 

EDWARD  H.  SNIFFIN 
Sales  Manager,  The  Westinghouse   Machine  Co. 

THE  steam  turbine  is  no  longer  a  matter  of  speculation.  It 
has  been  accepted.  Nearly  lOO  Westinghouse-Parsons 
steam  turbine  units  aggregating  approximately  lOO  ooo 
kilowatts  are  in  operation  and  the  aggregate,  including  orders 
received,  is  over  250000  kilowatts. 

The  history  of  the  mechanical  operation  of  power  has  been, 
for  the  most  part,  one  of  constructive  growth  in  which  improve- 
ments have  followed  in  the  train  of  experience,  and  development 
rather  than  invention  has  marked  the  path  of  progress.  We 
came  to  a  point,  however,  wdiere  the  character  of  our  prime 
mover  had  reached  the  culmination  of  its  possibilities,  further 
improvement  requiring  not  a  modification,  but  a  radical  de- 
parture in  type  and  principle.  And  so  the  steam  turbine  at- 
tracted a  great  degree  of  interest  and  its  prompt  and  wholesale 
adoption  has  marked  the  most  rapid  and  significant  change  in 
steam  engineering  practice  that  we  have  ever  witnessed. 

Nor  was  the  departure  immature  or  illogical.  Capital  is 
not  usually  unduly  venturesome.  When  one  considers  that 
probably  no  large  steam-electric  power  plant  would  be  con- 
ceived to-day  except  on  the  basis  of  steam  turbines,  although 
there  has  been  but  a  few  brief  years'  record  of  turbine  perform- 
ance, one  is  bound  to  conclude  that  the  knowledge  obtained,  even 
though  quickly  acquired,  has  no  less  certainly  carried  convicti(Mi 
and  established  procedure.  In  the  first  place,  tlie  steam  turbine 
was  made  an  o])en  book.  Testing  was  made  a  special  feature; 
elaborate  data  were  spread  broadcast  through  the  technical  press ; 
economy  tests  were  made  a  ])art  of  the  manufacture.  .And  so 
|H>\ver  users  l)ecanu'  ]M-()in])ll\-  familiar  witli  tho  tacts,  recogniz- 
ing that  they  at  once  had  more  real  infi)rmation  regarding  the 
turbine  than  fifty  years  of  jierfonuance  had  atTorded  on  the  re- 
ci])rocating  engine,  which  it  was  inqtracticablo  to  test  in  the  shop 
and  almost  e(|ually  so  in  the  field.  It  required,  then,  merely  to 
demonstrate  in  practical  service  that  the  tin-bine  possessed  re- 
lial)ility  and  its  way  was  won. 

The  other  reason  for  its  wholesale  adoption  lay  in  its 
obviously  great  desirability  as  a  type  of  power  machinery.       It 
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had  mail)-  things  to  commend  it.  It  was  cheaper  in  the  first  cost. 
(The  current  prices  of  turbine  units  are  about  33  1-3  per  cent, 
below  tlie  current  prices  of  reciprocating  engine  units  of  four 
years  ago.)  It  could  be  installed  quickly;  it  took  up  little  room; 
foundations  were  cheaper;  it  i)aralleled  easily;  it  cost  little  to 
maintain,  and  its  steam  efficiency  was  uniform  over  wide  ranges 
of  load  so  that  its  commercial  efficiency  was  high.  Its,  exhaust, 
containing  no  oil,  could,  if  desired,  be  used  for  boiler  feed.  Its 
ability  to  make  long  continuous  runs  was  apparent,  as  was  also 
the  fact  that  violent  fluctuations  of  load  or  the  impost  of  heavy 
overload  produced  no  undue  stress. 

Altogether,  the  steam  turbine  marked  a  great  step  forward 
in  our  type  oi  prime  mover,  giving  much  needed  relief  from  the 
limitations  of  reciprocating  engine  practice.  Engineers  are  now 
finding  that,  apart  from  its  merit  as  a  prime  mover,  its  effect  on 
power  plant  design  will  be  far-reaching  in  the  direction  of 
simplicity  and  reduction  of  original  cost.  So  far,  turbines  have, 
as  a  rule,  been  installed  in  power  plants  more  or  less  conven- 
tionally designed  on  the  lines  of  piston  engine  practice,  but  we 
will  soon  have  typical  turbine  plants,  with  their  various  other 
features  and  general  arrangement  co-ordinated  to  the  simplicity 
and  compactness  of  turbine  design,  and  much  of  the  present-day 
complexity,  with  its  attending  expense,  will  disappear.  Two 
plants  are  now  being  designed, — one  for  Fort  Wayne,  Ind.,  the 
other  for  Hamilton,  Ohio, — in  which  this  general  idea  will  be 
carried  out.  Boilers  will  be  on  the  ground  floor,  the  turbine 
located  directly  overhead ;  thus  the  steam  and  exhaust  runs  will 
be  short  and  direct,  the  initial  steam  coming  up  and  the  exhaust 
going  down,  as  they  should.  The  exciters  are  put  on  the  gener- 
ator shaft,  thus  eliminating  separate  exciting  units;  in  fact,  the 
stations  will  contain  as  little  in  the  way  of  auxiliaries  as  possible. 
There  will  be  some  saving  in  building  construction,  considerable 
saving  in  ground  space,  and  it  would  not  be  surprising  if  the 
whole  station,  including  ground,  were  to  show  a  reduction  in  first 
cost  per  kilowatt  of  25  per  cent,  on  the  usual  capital  account  of 
^uch  properties. 


AUTOMATIC  CONTROL  FOR  LARGE  DIRECT- 
CURRENT  MOTORS 

H.  D.  JAMES 

THE  use  of  motors  for  electric  traction  has  done  more  for 
controller  development  than  any  other  cause,  though  the 
pioneer  work  in  automatic  control  was  done  with  eleva- 
tors and  hoists.  With  large  motors  the  manually  operated  drum 
controller  is  less  desirable  than  an  automatic  controller.  In 
the  development  of  this  latter  method  of  control  rapid  advances 
have  been  made  owing  to  the  increasing  use  of  motors  for  heavy 


electric  traction  and  for  lu-avy  industrial  work.  A  conlroUor 
capable  of  handling  a  nmtor  of  (}00  h])  was  completed  and  tested 
a  few  months  ago.  The  bringing  oul  of  a]>paratus  capable  of 
handling  such  large  motors  marks  a  new  de]->a:-turo  in  the  con- 
struction  of  automatic   reversing   controllers.       The    writer    leels 
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therefore  that  a  description  of  this  controller  and  its  behavior 
under  test  will  be  of  general  interest. 

MOTOR 

'J1k'  motor  referred  to  is  of  600  hp  nominal  rating  at  500 
volts  and  capable  of  developing  900  hp  intermittently.  The 
armature  or  revolving  part  weighs  approximately  12000  pounds, 
is  48  inches  in  diameter  and  revolves  270  r.  p.  m.  at  full  load 
and  coo  r.  p.  m.  at  no  load.     The  field  is  compound  wound  and 


PIG      2 12     UNIT     SWITCH      GROUr,    COVER    REMOVED,      SHOWING      CIRCUIT 

BREAKERS. 

the  series  coil  remains  in  circuit  at  all  times.     The  general  ap- 
pearance of  this  motor  is  illustrated  in  Fig.  i. 

CONTROLLER 

The  controller  proper  is  operated  by  compresed  air.  The 
valves  to  the  air  cylinders  are  controlled  by  electromagnets  sup- 
plied with  current  from  a  separate  low  voltage  circuit. 

Each  valve  is  held  by  a  spring  in  the  position  which  cuts 
oft  the  air  pressure  from  the  cylinder  and  connects  it  with  the 
exhaust.  When  the  magnet  is  energized  the  exhaust  is  closed 
and  air  admitted  to  the  cylinder.  Thus  air  pressure  compresses 
a  heavy  spring  and  closes  the  circuit  breaker,  or  in  the  case  of 
the  reverser,  rotates  it  to  the  opposite  position. 


CONTROL  FOR  DIRECT-CURRENT  MOTORS 
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The  main  part  of  the  controller  consists  of  twelve  electric- 
ally operated  circviit  breakers  supplied  with  powerful  blowout 
magnets  and  removable  arcing  tips  (see  Figs.  2  and  3).  Two  of 
these  circuit  breakers  are  connected  in  parallel  to  the  motor 
on  each  side  of  the  line  when  the  controller  is  in  the  full-speed 
position.  The  switches  in  this  group  are  used  for  disconnecting 
both  sides  of  the  line  from  the  motor  and  for  cutting  out  the 
resistance  in  the  armature  circuit.  The  cutting  out  of  this 
resistance  is  controlled  automatically  so  that  the  motor  will  ac- 
celerate at  the  maximum  current  for  which  the  controller  is 
set.  The  main  controller  is  operated  by  a  small  master  con- 
troller or  switch.     If  it  is  desired  to  run  on  any  of  the  resistance 


FIG.     3 — UNIT     SWITCH     ClROfP,     COVER     UKMOVED,     SHOW  INC, 
CIRClTT-r.KEAKERS 

notches  the  operator  can  do  so  by  manipulation  of  the  master 
switch.  Tf  the  master  switch  is  placed  in  the  running  position 
and  left  lluTo  llir  inoltu"  will  accelerate  at  the  maximum  currenl. 
Tlie  reverse  switch,  (sec  Fig.  4).  is  mounted  in  a  separate 
frame  and  so  arranged  that  no  currenl  is  broken  by  its  contact-^. 
It  also  is  o])erale(l  1)\'  means  of  air  CNlinders  controlled  by  elec- 
trically operated  valves.  Compressetl  air  is  likewise  used  to 
operate  the  friction  brake  and  clutches,  the  air  being  controlled 
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by  the  same  electro-pneumatic  valves  which  are  used  on  the  con- 
troller. All  parts  of  this  controller  are  protected  from  mcjisture 
and  dirt  by  means  of  sheet  iron  covers. 

SAFETY  DEVICES 

The  operating-  coil  of  a  small  relay  switch  is  connected  in 
series  with  the  shunt  field  of  the  motor  (see  diagram,  Fig.  5). 
The  contacts  of  this  switch  are  connected  in  series  with  the  low- 
tension  operating  circuit.  This  circuit  controls  the  electro-pneu- 
matic valves  at  such  a  point  that  should  the  shunt  field  of  the 
motor  be  opened  the  switch  will  open  the  operating  circuit  and 
the  controller  will  automatically  return  to  the  off  position.  This 
effectually  prevents  the  motor  from  running  away  in  case  the 
shunt  field  circuit  is  accidentally  opened. 

The  operating  circuit  passes  through  an  interlocked  device 
on  the  brake  cylinder  so  that  the  motor  can  not  be   connected 


FIG.    4 — REVERSE    SWITCH,    WITH    COVER    DROPPED. 

to  the  line  until  the  friction  brake  is  released.  To  guard  against 
an  accident  due  to  cross-connection  or  ground  on  the  wires  be- 
tween the  master  switch  and  the  controller  the  connections  are 
so  arranged  that  it  recjuires  the  damaging  of  three  of  these  wires 
to  prevent  the  operator  from  opening  the  circuit  breakers  and 
bringing  the  motor  to.  rest. 

Two  different  devices  are  provided  to  prevent  the  motor 
being  reversed  in  such  a  manner  as  to  cause  a  short-circuit  on 
the  line. 


CONTROL  FOR  DIRECT-CURRENT  MOTORS 
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An  over-load  de- 
vice is  provided  in 
duplicate.  This  de- 
vice consists  of  an 
automatic  trip  which 
operates  w  h  e  n  the 
current  reaches  a 
predetermined  limit, 
and  opens  the  circuit 
to  the  air-valve  mag- 
nets, thus  bringing 
the  control  mechan- 
ism automatically  to 
the  off  position. 
This  trip  is  locked  in 
the  off  position  and 
provided  with  a  re- 
set coil  so  that  by 
closing  an  auxiliary 
switch  this  overload 
device  is  returned  to 
its  normal  position 
and  the  controller  can 
again  be  operated  in 
the  usual  manner. 

TEST 

Upon  the  comple- 
tion of  this  apparatus 
it  was  connected  up 
and  the  different  de- 
vices described  thor- 
o  u  g  h  1  y  tested.  It 
was  found  that  in 
cases  of  emergency  it 
was  possible  to  re- 
verse'the  motor  while 
running  at  full  speed 
with  only  the  starting 
resistance  in  series 
with  the  armature. 
When  the  r  e  v  c  r  s  e 
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circuit  was  closed  llierc  was  an  instantaneous  flash  at  the  motor 
hrushes  hut  no  tendency  to  ''huck  over"  and  the  armature  came  to 
rest  and  accelerated  in  the  opposite  direction  in  six  to  seven 
seconds. 

GENERAL 

The  electro-pneumatic  system  of  control  has  already  won 
its  way  into  favor  for  railway  work,  hut  up  to  the  present,  few 
realize  its  advantages  for  the  control  system  of  large  motors. 
A  pressure  of  several  hundred  pounds  is  available  for  closing 
the  contacts  of  the  current  breaker  wdiich  permits  the  use  of 
a  powerful  spring  for  opening  the  breaker,  thus  causing  a  quick 
break  of  the  arc,  which  reduces  the  burning  and  prevents  the 
breaker  from  sticking.  The  air  valves  can  be  controlled  by  very 
small  magnets  wound  for  low  voltage.  This  materially  reduces 
the  liability  to  trouble  with  these  circuits  and  there  is  practically 
no  burning  on  the  contacts  of  the  master-switch  interlocks.  The 
power  required  to  operate  these  valves  is  so  small  that  the  pilot 
wires  need  be  only  large  enough  for  mechanical  strength.  This 
low  voltage  circuit  can  also  be  used  for  signal  purposes  when  the 
master  switch  is  located  at  a  distance  from  the  machine. 

A  strong  point  in  favor  of  this  system  is  the  facility  with 
which  friction  brakes  and  mechanical  clutches  can  be  operated 
and  controlled  with  compressed  air  by  using  the  same  magnets 
and  valves  which  are  used  on  the  circuit  breaker.  The  pressure 
of  the  brake  or  clutch  can  be  varied  through  wide  limits  Vjv 
manipulating  the  control  valve.  As  compressed  air  is  used  in 
many  industrial  establishments  it  is  often  available  and  needs 
only  to  be  connected  up  through  a  strainer  and  drip  cup.  When 
compressed  air  is  not  available  a  small  tank  and  compressor 
can  be  installed.  These  compressors  are  made  up  in  convenient 
direct-connected  units  and  controlled  by  automatic  pressure 
regulators. 

The  low  voltage  control  circuit  can  be  supplied  from  a 
small  motor-generator  set;  or  storage  batteries  in  duplicate, 
one  set  being  charged  while  the  other  is  in  use.  These  batteries 
are  put  up  in  very  convenient  shape  and  are  easily  handled. 

Renewable  arcing  tips  are  provided  for  the  circuit  break- 
ers, so  that  the  whole  outfit  is  easily  kept  in  repair. 


THE  ELECTRIFICATION  OF  THE  LONG  ISLAND 
RAILROAD-== 

O.  S.  LYFORD,  JR. 

Electrical  Engineer,  Westinghouse,  Church,  Kerr  &  Co. 

OVER  780000  horsepower  in  power  station  equipment  for 
electrical  operation  has  been  installed,  or  is  planned  for 
use.  in  New  York  City  and  its  immediate  vicinity. 

For  each  imit  of  generator  capacity  there  is,  of  course,  a 
greater  capacity  of  transformers,  converters,  motors,  lamps,  etc., 
and  back  of  the  generators,  are  the  engines,  boilers,  condensers, 
etc.,  and  around  these  suitable  buildings. 

Of  this  total,  over  650  000  horsepower  is  for  railway  purposes, 
and  it  is  interesting  to  note  that  this  use  of  power  on  such  an  enor- 
mous scale  has  all  been  developed  in  about  fifteen  years. 

In  1890  there  were  about  3000  small  surface  cars  in  use  on 
Manhattan  Island,  with  about  18000  horses  to  draw  them.  I  pre- 
sume the  total  number  of  horses  used  for  traction  purposes  in  what 
is  now  known  as  the  metropolitan  district  did  not  then  exceed 
35  000. 

In  that  year  the  first  electric  traction  on  [Manhattan  Island  ap- 
peared in  the  form  of  storage  battery  cars  operated  experimentally 
in  Madison  Avenue.  Since  then  the  cable  car  has  come  and  gone ; 
compressed  air  motors  have  also  been  tried  and  abandoned,  leaving 
the  entire  field  of  urban  traction  to  electricity. 

The  experience  with  the  operation  of  single  surface  cars  and 
later  with  trains  on  the  elevated  lines,  demonstrated  the  feasibility 
of  extending  the  utilization  of  electricity  to  the  propulsion  of  the 
heaviest  trains  of  trunk  lines,  and  as  soon  as  this  point  is  reached 
we  find  the  great  railroads  preparing  to  adopt  this  means  of  loco- 
motion. 

The  electrification  of  the  Long  Island  Railroad  presents  the 
first  transformation  of  a  regular  steam  road  to  electric  traction. 
Branch  lines  of  minor  importance  have  been  operated  electrically, 
but  this  is  the  first  extended  electrification  of  the  main  tracks. 

It  is  (Hie  thing  to  provide  sinijile  passenger  service  on  inde- 
pendent lines  oil  a  schedule  which  varies  little  during  the  year.     It 


*This  article  is  part  of  an  illustrated  lecture  before  The  Electric  Club 
presenting  many  of  the  general  problems  encountered  in  this  notable  instal- 
lation. 
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is  quite  another  thing  to  provide  for  a  service  over  eight  radiating" 
and  interconnected  Hnes  where  traffic  varies  at  different  times  of 
the  year  and  where  hmitations  of  right  of  way,  terminals,  yards, 
signal  operation,  handling  of  haggage  and  express  matter,  etc.,  all 
have  to  he  considered.  All  of  these  things  have  a  bearing  on  the 
selection  of  car  equipment  and  the  means  of  delivering  power  to 
this  equipment. 

Again  it  is  one  thing  to  plan  for  such  a  system  as  the  ]\lan- 
hattan  or  Subway  roads  in  New  York,  where  practically  the  full 
limit  of  track  capacity  is  to  be  provided  for  at  once,  and  it  is  quite 
another  thing  to  lay  out  a  system  sufficiently  flexible  so  that  it  may 
grow  with  great  rapidity  and  provide  for  the  future  without  bur- 
dening the  initial  service  with  too  much  unemployed  investment. 
The  suburban  system  of  the  Long  Island  Railroad  probably  ex- 
emplifies all  of  the  problems  which  are  liable  to  arise  in  undertak- 
ings of  this  character. 

A  number  of  special  conditions  have  to  be  met,  some  of  which 
are  common  to  all  trunk  lines  and  some  of  which  are  peculiar  to  this 
project.  Steam  equipment  must  be  handled  over  the  same  tracks. 
There  is  an  interchange  of  traffic  with  other  roads.  The  train 
operation  is  in  subways,  on  the  surface  and  on  elevated  tracks. 
The  summer  traffic  to  the  beaches  is  extraordinary  in  volume,  and 
there  is  a  race  track  service  which  is  not  only  difficult  to  handle  be- 
cause it  is  shifted  from  point  to  point,  but  because  the  trains  are 
quickly  loaded  after  the  races  are  over  and  move  out  from  the  sta- 
tion on  close  headway,  resulting  in  heavy  peak  loads  on  the  system. 

The  widely  differing  character  of  the  passenger  service  calls 
for  trains  of  from  two  to  ten  cars  in  length.  The  rapidity  of  traffic 
expansion  is  indicated  by  the  fact  that  the  initial  service  provided 
for  the  year  1906  is  four  times  the  4th  of  July  service  in  1902. 

Such  an  undertaking  imposes  most  rigid  requirements,  a  few 
of  which  may  be  mentioned  for  illustration. 

Public  Safety.  T'his  involves  proper  guards  and  substantial 
supports  for  all  conductors,  the  most  perfect  forms  of  automatic 
safety  devices  and  most  substantial  designs  of  equipment. 

Safety  of  Employes.  The  employes  in  the  buildings  and  on 
the  cars  and  especially  employes  that  have  to  do  with  the  main- 
tenance of  the  conductors  must  be  safeguarded  against  their  own 
mistakes  as  well  as  against  the  wrong  operation  of  the  equipment. 

Continuity  of  Service.  The  extended  territory  over  which 
electric  service  is  carried  on.  and  the  nature  of  this  territory  in- 
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volves  unusual  possibilities  of  disturbance  to  the  operation.     These 
necessitate  unusual  precautionary  measures. 

Prompt  Action  in  Emergencies.  The  convenience  and  safety 
of  the  public,  as  well  as  the  maintenance  of  the  earnings  of  the  rail- 
road, require  special  attention  to  the  means  of  communication  be- 
tween various  points  of  the  system  and  utmost  convenience  in  the 
arrangement  of  apparatus  so  that  emergencies  can  be  met  with 
the  utmost  promptness  and  service  resumed. 

Permanence.  The  extent  of  the  project  and  the  character  of 
the  service  warrant  the  adoption  of  most  permanent  types  of  con- 
struction. 

Economy  of  Operation.  Operating  features  affecting  the 
amount  of  labor,  supplies  and  repairs  require  careful  consideration. 

Hio-hest  Class  of  Construction.  The  nature  of  the  undertaking 
warrants  an  installation  of  the  highest  class,  and  this  must  be  ac- 
complished at  a  minimum  cost  for  such  construction. 

In  a  word  such  an  undertaking  calls  for  the  latest  and  best 
engineering  practice  in  every  detail,  and  utmost  diligence  in  con- 
stinction.  These  are  not  new  problems,  but  a  project  of  this  char- 
acter presents  them  with  unusual  emphasis.  Likewise  the  solutions 
described  are  not  radically  dift'erent  from  the  best  that  have  been 
adopted  before,  but  they  are  more  perfectly  worked  out  and  better 
harmonized  than  ever  before.  This  involved  an  acquaintance  with 
what  others  have  done  and  are  doing  as  well  as  extensive  experi- 
ence in  all  branches  of  engineering. 

There  is  a  distinguishing  feature  which  is  carried  thrjufili  t'lc 
designs  of  all  parts  of  the  system,  and  that  is  the  uniformity  in 
the  engineering.  A  detail  inspection  of  such  an  installat"0!i  as  this 
usually  discloses  points  of  demarcatior.  where  the  character  of  de- 
sign changes.  This  is  due  to  the  fact  that  the  work  is  done  under 
sub-contractors  and  each  contractor  conforms  as  far  as  possible 
to  his  previous  practice.  In  the  present  case,  the  civil,  mechanical 
and  electrical  features  of  the  entire  installation  have  been  designed 
b\-  engineers  of  one  organization.  W'estinghouse.  Church,  Kerr  ^^• 
Company,  and  most  of  the  apparatus  has  been  designed  by  the  as-, 
sociated  Westinghouse  organizati^ms  that  liave  worked  together 
for  vears.  l^niformitv  and  general  sufficiency  result.  I'or  instance 
the  devices  for  the  protection  of  a]>paratus  and  employes  in  the 
l^owcr  station  correspond  in  character  with  the  devices  for  the  jm-o- 
tection  of  i)roperty  and  the  public  along  ihe  right  of  wav.  Mie 
macliiner\-   and   efjui])ment   have  been   designed   with    special    refer- 
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ence  to  convenience  of  operation  in  an  installation  of  this  character, 
and  the  structures  have  been  designed  with  a  full  knowledge  of  the 
operating  characteristics  of  the  equipment  with  the  requisite  facili- 
ties for  proper  attention. 

Iwery  detail  is  suljstantial,  rugged  and  perinanent  in  char- 
acter. As  far  as  possible  the  same  general  factor  of  safety  has 
been  applied  throughout.  The  equipment  and  structures  are  fire- 
proof to  an  unusual  degree.  The  buildings  and  cars  and  their 
equipment,  and  to  a  large  extent  the  transmission  system  itself 
contain  no  combustible  material  except  what  is  necessary  for  in- 
sulation purposes. 

The  record-breaking  pace  of  work  which  flowed  out  of  united 
energies,  was  remarkable.  The  power  station  was  constructed  and 
ready  for  operation  in  i6  months;  in  i8  months  lOO  miles  of  track 
were  electrified,  25  miles  of  conduit  and  24  miles  of  pole  line  were 
constructed ;  250  miles  of  high-tension  conductors  were  erected, 
five  sub-stations  were  built  and  equipped;  130  steel  motor  cars 
built  and  equipped,  85  trailer  cars  equipped,  and  the  operation  of 
tlie  road  begun.  Other  power  stations  of  similar  character  have 
usually  been  twice  as  long  in  construction  and  other  parts  of  the 
equipment  have  taken  a  proportionately  long  time. 
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PROTECTIVE  APPARATUS 


FOREIGN  PRACTICE— CHOKE  COIL  PROTECTION 
N.  J.  NEALL 

FOREIGN  usage  of  the  choke  coil  as  an  element  in  protective 
apparatus  has  not  lead  to  the  development  of  any  marked 
departures  from  the  best  American  practice. 
Strictly  speaking,  only  two  forms  have  been  developed 
abroad,  the  spiral  coil,  shown  in  Fig.  i,  the  function  and  manipu- 
lation of  which  are  obvious,  and  the  Gola  "lightning  arrester." 
This  device  is  really  a  choke  coil  in  its  function  as  it  is  placed  in 
the  line,  and  not  between  line  and  ground.  By  referring  to  Fig.  2 
the  following  description  of  its  operation  will  be  understood. 

Any  static  disturbance  coming  in  from  the  line  strikes  a 
large  shield-like  body  co\ering  the  main  or  melon-shaped  body. 

These  parts  are  of  iron  and  are 
fastened  to  the  apparatus  by 
brass  washers  from  which  con- 
nection is  made  to  a  small  coil  of 
a  few  turns  of  insulated  wire  on 
an  iron  core  connected  to  the 
large  body.  The  device  has  a 
very  sharp  edge,  opposite  which 
at  either  side  are  placed  horn- 
shaped  carbon  electrodes  to  carry 
the  electrical  disturbances  off  to 
earth.  Connection  is  usually 
made  here  to  a  stamlard  light- 
nitii""  arrester. 
It  is  claimed  for  this  device, 
that  \\hilc  normall}-  tlure  will  be  no  obstruction  whatever  to  main 
current,  high  trc([uency  disturbances  such  as  tliose  arising  from 
lightning  or  of  similar  origin  will  be  repulseil  and  thrown  to  earth 
over  the  discharge  path. 

The  presence  oi'  the  coil  is  supposed  to  create  a  magnetic 
fteld  between  tlu'  shields  and  the  main  drum,  the  brass  or  non- 
magnetic washers  causing  the  field  to  line  up  radially  between 
these  ]-)arts.  in  addition,  the  (litlieulty  presented  by  sharp  turns 
to  the  jKissage  of  high  i'recpieney  disturbanet-s  is  taken  advantage 
of  bv  the  peculiar  shape  of  the  drums  and  shields.      It  is  claimed 
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that  a  (listui'hancc  on  rfacliing'  the  device  spreads  out  very 
rapidly  from  a  small  to  a  large  cross-section  and  encounters  so 
great  difificulty  in  contracting  again  to  reach  the  a])paratus  pro- 


Line 


Ground 


To  Generator 


tected  that  it  is  easier  to  go  to  ground  at  the  point  of  sudden 
change  of  cross-section.  The  magnetic  field  is  supposed  to  assist 
\n  driving  the  disturbance  to  the  edge. 

The  device  was  given  a  test  under  the  same  conditions  de- 
scribed in  a  previous  article  for  determining  the  protective  power 
of  a  choke  coil.* 

It  was  found  that  the  choking  efifect  was  exceedingly  small, 
merely  that  of  the  coil  used  in  its  construction,  and  that  even 
under  ordinary  tests  the  insulation  of  this  coil  would  break  down 
and  flestroy  the  small  protective  power  wdiich  it  might  have 
afforded.  It  was  not  found  possible  to  establish  the  other  points 
claimed  for  its  construction  and  the  inference  to  be  drawn  was 
that  it  is  not  very  efficient,  and  disproportionately  large  for 
the  work  it  had  to  do. 

Torchio  in  a  recent  paper  before  the  A.  I.  E.  E.f  says : 

"The  device  has  been  used  in  many  places  in  Italy  for  the 
last  two  or  three  years.  In  many  cases  it  has  proved  most  effec- 
tive, while  in  other  cases  the  results  have  been  indifferent." 

Some  of  the  best  styles  of  American  choke  coil  apparatus 
have  also  been  adopted  abroad. 


*See  The  Electric  Journal.  Vol.  IT,  p.  609. 
fSee  Trans.  A.  L  E.  E.,  October,  1905,  p.  997. 


"THE   DURABLE  SATISFACTIONS  OF  LIFE"* 

PART  OF  AN  ADDRESS  BY  CHARLES  WILLIAM  ELIOT 

4  4  1 — ^OR  educated  men,  what  are  the  sources  of  the  soHd  and 
|-H  durable  satisfactions  of  Hfe?  That  is  what  I  hope  you 
A  are  all  aiming  at — the  solid,  durable  satisfactions  of  life, 

the  satisfactions  that  are  going  to  last  and  grow.  So  far  as  I  have 
seen,  there  is  one  indispensable  foundation  for  the  satisfactions  of 
hfe — health.  A  young  man  ought  to  be  a  clean,  wholesome,  vigor- 
ous animal.  That  is  the  foundation  for  everything  else,  and  I  hope 
you  will  all  be  that,  if  you  are  nothing  more.  We  have  to  build 
everything  in  this  world  of  domestic  joy  and  professional  success, 
everything  of  a  useful,  honorable  career,  on  bodily  wholesomeness 
and  vitality. 

"This  being  a  clean,  wholesome,  vigorous  animal  involves  a 
good  deal.  It  involves  not  condescending  to  the  ordinary  barbaric 
vices.  One  must  avoid  drunkenness,  gluttony,  licentiousness,  and 
getting  into  dirt  of  any  kind,  in  order  to  be  a  clean,  wholesome, 
vigorous  animal.  Still,  none  of  you  would  be  content  with  this 
achievement  as  the  total  outcome  of  your  lives.  It  is  a  happy  thing 
to  have  in  youth  what  are  called  animal  spirits — a  very  descriptive 
phrase ;  but  animal  spirits  do  not  last  even  in  animals ;  they  belong 
to  the  kitten  or  puppy  stage.  It  is  a  wholesome  thing  to  enjoy  for 
a  time,  or  for  a  time  each  day  all  through  life,  sports  and  active 
bodily  exercise.  These  are  legitimate  enjoyments,  but  if  made  the 
main  object  of  life,  they  tire.  They  cease  to  be  a  source  of  dur- 
able satisfaction.     Play  must  be  incidental  in  a  satisfactory  life. 

''What  is  the  next  thing  then,  that  we  want  in  order  to  make 
sure  of  durable  satisfactions  in  life?  We  need  a  strong  mental 
grip,  a  wholesome  capacity  for  hard  work.  It  is  intellectual  power 
and  aims  that  we  need.  In  all  the  professions — learned,  scientific, 
or  industrial — large  mental  enjoyments  should  come  to  educateil 
men.  The  great  distinction  between  the  privileged  class  to  which 
}Ou  belong,  the  class  that  has  opportunity  for  prolonged  educatit^n. 
and  the  much  larger  class  that  has  not  that  (Opportunity,  is  that  the 


*Mr.  Frank  H.  Taylor  was  requested  to  contrilnito  to  the  tlrst  issue  of 
the  Journal  for  ic,c6.  In  response  lie  commended  to  tl:e  JournnJ  and  itifi 
readers  the  address  of  President  Eliot  to  the  students  of  Harvard  I'niversity, 
which  appeared  in  this  month's  McClurc's  ^^agaziIu^  TIio  address  is  re- 
printed in  sliglitly  condensed  form. 
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educated  class  lives  mainly  by  the  exercise  of  intellectual  powers  and 
gets  therefore  much  greater  enjoyment  out  of  life  than  the  much 
larger  class  that  earns  a  livelihood  chiefly  by  the  exercise  of  bodily 
powers.  Yon  ought  to  olitain  here,  therefore,  the  trained  capacity 
for  mental  labor,  rapid,  intense,  and  sustained.  That  is  the  great 
thing  to  get  in  college,  long  before  the  professional  school  is  enter- 
ed. Get  it  now.  Get  it  in  the  years  of  college  life.  It  is  the  main 
achievement  of  college  life  to  win  this  mental  force,  this  capacity 
for  keen  observation,  just  inference,  and  sustained  forethought,  for 
everything  that  we  mean  by  the  reasoning  power  of  man.  That 
capacity  will  be  the  main  source  of  intellectual  joys  and  of  happi- 
ness and  content  throughout  a  long  and  busy  life. 

"But  there  is  something  more,  something  beyond  this  acquired 
power  of  intellectual  labor.  As  Shakspere  puts  it — 'the  purest 
treasure  mortal  times  aiTord  is  spotless  reputation.'  How  is  that 
treasure  won  ?  It  comes  by  living  with  honor,  on  honor.  Most  of 
you  have  begun  already  to  live  honorably,  and  honored ;  for  the  life 
of  honor  begins  early.  Some  things  the  honorable  man  cannot  do, 
never  does.  He  never  wrongs  or  degrades  a  woman.  He  never 
oppresses  or  cheats  a  person  weaker  or  poorer  than  himself.  He 
never  betrays  a  truth.  He  is  honest,  sincere,  candid,  and  generous. 
It  is  not  enough  to  be  honest.  An  honorable  man  must  be  gener- 
ous ;  and  I  do  not  mean  generous  with  money  only.  I  mean  gener- 
ous in  his  judgments  of  men  and  women,  and  of  the  nature  and 
prospects  of  mankind.  Such  generosity  is  a  beautiful  attribute  of 
the  man  of  honor. 

"How  does  honor  come  to  a  man?  What  is  the  evidence  of 
the  honorable  life  ?  What  is  the  tribunal  which  declares  at  last — 
'This  was  an  honorable  man'  ?  You  look  now  for  this  favorable 
judgment  of  your  elders — of  parents  and  teachers  and  older  stud- 
ents; but  these  elders  will  not  be  your  final  judges,  and  you  had 
better  get  ready  now  in  college  to  appear  before  the  ultimate  tri- 
bunal, the  tribunal  of  your  contemporaries  and  the  younger  genera- 
tions. It  is  the  judgment  of  your  contemporaries  that  is  most  im- 
portant to  you;  and  you  W'ill  find  that  the  judgment  of  your  con- 
temporaries is  made  up  alarmingly  early ;  it  may  be  made  up  this 
year  in  a  way  that  sometimes  lasts  for  life  and  beyond.  It  is  made 
up  in  part  by  persons  to  whom  you  have  never  spoken,  by  persons 
who  in  your  view  do  not  know  you,  and  who  get  only  a  general 
impression  of  you  ;  but  always  it  is  contemporaries  whose  judgment 
is  formidable  and  unavoidable.     Live  now  in  the  fear  of  that  tri- 
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bunal — not  an  abject  fear,  because  independence  is  an  indispensa- 
ble quality  in  the  honorable  man.     There  is  an  admirable  phrase  in 
the  Declaration  of  Independence,  a  document  which  it  was  the  good 
fashion  of  my  time  for  boys  to  commit  to  memory.     I  doubt  if  that 
fashion  still  obtains.     Some  of  our  public  action  looks  as  if  it  ditl 
not.     'When  in  the  course  of  human  events,  it  becomes  necessarv 
for  one  people  to  dissolve  the  political  bands  which  have  connected 
them  with  another,  and  to  assume  among  the  powers  of  the  earth 
the  separate  and  equal  station  to  which  the  laws  of  Nature  and  of 
Nature's   God  entitles  them,  a   decent  respect  to  the  opinions  of 
mankind  requires  that  they  should  declare  the  causes  which  impel 
them  to  the  separation.'     That  phrase — a  decent  respect— is  a  very 
happy  one.     Cherish  'a  decent  respect  for  the  opinions  of  mankind.' 
but  never  let  that  interfere  with  your  personal  declaration  of  inde- 
pendence.    I  have  said  begin  now  to  prepare  for  the  judgment  of 
the  ultimate  human  tribunal.     Look  forward  to  the  important  crises 
of  your  Hfe.     They  are  nearer  than  you  are  apt  to  imagine.     It  is 
a  very  safe  protective  rule  to  live  to-day  as  if  you  were  going  to 
marry  a  pure  woman  within  a  month.     That  rule  you  will  find  a 
safeguard  for  worthy  living.     It  is  a  good  rule  to  endeavor  hour  bv 
b.our  and  week  after  week  to  learn  to  work  hard.     It  is  not  well 
to  take  four  minutes  to  do  what  you  can  accomplish  in  three.     It 
is  not  well  to  take  four  years  to  do  what  you  can  perfectlv  accomp- 
lish in  three.     It  is  well  to  learn  to  work  intensely,     ^'ou  will  hoar 
a  good  deal  of  advice  about  letting  your  soul  grow  and  breathing 
in  without  effort  the  atmosphere  of  a  learned  societv.  or  place  o1 
learning.     Well,  you   cannot   help  breathing  and   you   cannot   heir 
growing;  those  processes  will  take  care  of  themselves.     The  ques 
tion  for  you  from  day  to  day  is  how  to  learn  to  w(^rk  to  advantage 
and  college  is  the  place  and'  now  is  the  time  to  win  mental  i^ower 
And,  lastly,  live  to-day  and  everv  dav  like  a  man  of  honor. 


THAWING  PIPES  BY  ELECTRICITY 

WALTER  M.  DANN 

ONE  of  the  latest  electrieal  appliances,  which  has  made  possi- 
ble the  application  of  electricity  to  an  ordinary  everyday 
service,  is  the  thawing  transformer.  This  useful  piece  of 
apparatus  promises  to  replace  to  a  great  extent  the  present  arduous 
methods  of  using  a  torch  on  frozen  house  piping,  or  of  digging 
trenches  and  thawing  frozen  street  mains  by  means  of  a  bonfire  or 
live  steam.  A  short  time  ago  the  use  of  steam  was  hailed  as  a 
great  advance  over  the  primitive  bonfire  method,  and  now  the 
economy  and  ease  of  operation  of  the  electrical  method  is  becoming 
generally  recognized. 

A  comparison  with  the  first  contrivances  used,  illustrates  the 
rapid  advances  made  in  the  development  of  pipe  thawing  ap- 
paratus. The  pioneer  outfit  consisted  of  several  lighting  trans- 
formers loaded  on  a  wagon,  together  with  an  elaborate  array  of 
switches  and  circuit  breakers  mounted  on  a  switchboard  panel, 
the  wdiole  set  weighing  several  thousand  pounds.  The  results  ob- 
tained wuth  this  bulky  apparatus  were  highly  successful  and  the 
way  was  prepared  for  a  new  application  of  electricity  which  has 
proved  a  source  of  revenue  for  the  station  man  as  well  as  a  saving 
for  the  property  owner. 

The  operating  principle  is  simple  enough,  being  merely  an  applica- 
tion of  Ohm's  law.  The  conditions  of  service  have  such  a  wide  range 
tiiat  it  is  difficult  to  specify  the  proper  voltage  and  current  and  the 
length  of  time  required  for  any  particular  instance.  In  general, 
the  current  required  will  depend  upon  the  size  of  the  pipe  and  its 
depth  below  the  surface.  The  voltage  required  will,  of  course, 
vary  with  the  length  of  the  pipe.  A  large  pipe,  whose  resistance 
is  low  will  take  more  current  at  a  lower  voltage  than  a  small  pipe, 
other  conditions  being  equal.  The  length  of  time  required  to  pro- 
duce a  flow  of  water  will  vary  inversely  with  the  square  of  the 
current.  Instances  are  on  record  where  rapid  thawing  with  a  heavy 
current  has  resulted  in  damage  to  the  pipe  at  the  points  of  contact 
or  at  couplings,  so  that  it  is  usually  safer  to  employ  a  moderate 
current  for  a  longer  period. 

In  the  table  on  the  next  page  are  figures  obtained  in  actual  prac- 
tice, showing  the  current,  voltage  and  length  of  time  required  to  pro- 
duce running  water  in  iron  pipes  of  varying  sizes  and  lengths. 


Diameter 

Length 

in  inches. 

in  feet. 

Amperes. 

Volts. 

V2 

50 

250 

20 

V2 

70 

300 

16 

\2 

100 

150 

20 

Ya 

80 

300 

no 

Ya 

100 

135 

55 

Ya 

240 

250 

52 

Ya 

380 

300 

30 

I 

45 

140 

220 

I 

250 

500 

SO 

I 

600 

60 

SO 

I 

700 

175 

55 

2 

20 

2000 

6 

2 

50 

500 

SO 

2 

60 

160 

50 

2 

300 

250 

52 

4 

800 

300 

50 

6 

400 

800 

no 
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Time 
Required. 

5  min. 

15  " 

45  " 

23  " 

10  " 

30  " 

10  " 

17  " 

20  " 
I  hr. 
5 


4 

2  "  30  " 

3  " 

2  hrs.  10  min, 

The  results  tabulated  show  several  marked  iuconsistencies 
which  serve  to  emphasize  the  effect  of  varying  conditions  and  the 
difficulty  of  prescribing  set  rules  for  the  voltage  and  current  which 
will  be  required.  It  will  be  noticed  that  in  the  case  of  two  one- 
inch  pipes  of  about  the  same  length,  the  first  one  required  175 
amperes  for  five  hours,  while  the  second  one  was  thawed  in  one  hour 
with  about  one-tliird  as  much  current.  The  first  pipe  was  embedded 
in  solidly  frozen  ground,  while  the  second  one  was  possibly  frozen 
for  only  part  of  its  length.  The  results  in  the  first  instance  show 
l)oor  connections  and  insufficient  copper  in  the  secondary  circuit. 
Experience  seeins  to  indicate  that  an  e.m.f.  of  from  30  to  50  volts 
will  meet  most  of  the  requirements  imposed  by  the  thawing  of 
ordinarx-  house  piping,  and  that  500  amperes  will  in  a  reasonable 
time  thaw  almost  any  main  up  to  six  inches  in  diameter.  A  twelve- 
inch  main  may  take  as  much  as  a  th.ousand  amperes. 

The  service  conditions  make  it  necessary  that  a  thawing  trans- 
former be  as  comi-)act  and  portable  as  possible.  Furthermore,  it 
nuist  be  both  mechanically  and  electrically  strong  and  rugged  to 
withstand  the  severe  conditions  of  rough  weather,  frequent  band- 
ling  and  ]K)ssible  short-circuit.  A  small  compact  outfit  weighing 
100  pounds  is  illustrated  in  Fig.  1.  The  primary  winding  is  ar- 
ranged for  connection  to  a  2  con  volt  line.  At  the  secondary  ter- 
minals an  e.m.f.  of  eitlier  55  or  35  V(tlts  is  obtained  by  means  of 
the  lyings  and  receptacles  mtnmted  in  the  [op  of  the  transformer. 
'Hie  secondarx-  winding  will  carry  a  current  of  100  amperes  for  half 
an  liour  witliout  overheating.  T'o  priHect  itself  against  injury  in 
the  event  of  accidental  .short-circuit,  the  transf(n-mer  is  designed 
with  a  hiuh  magnetic  leakaue  so  that  with  heavy  currents  the  sec- 
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ondary  vollai^e  dccrcasos  very  considerably.  As  a  consequence  the 
current  on  short-circuit  is  limited,  so  tliat  tlie  transformer  may 
o])era1e  on  sliort-circuit  for  ten  or  fifteen  minutes  without  injury. 
This  Usually  undesirable'  falling-  otf  of  voltajT;e  under  load,  or  "droop- 
ini;-  characteristic,"  is  thus  used  to  advanta.^e. 

h'or  thawin.q'  larg'c  mains,  a  transformer  built  alon<^  the  lines  of 
the  small  one   just  described   would  be  l)ulk\'   and  uuwieldly,  since 

more  capacity  is  required  for  a 
greater  length  of  time.  A  satisfac- 
tory outfit  for  heavy  duty  consists 
simply  of  a  standard  lightings  trans- 
former with  some  means  of  regu- 
lating the  secondary  current.  A 
choke  coil  used  in  series  with  the 
transformer  will  not  only  give  the 
desired  variation  of  current  with- 
out the  loss  involved  in  a  dead  re- 
sistance, but  will  also  afiford  the 
protection  against  injury  on  short- 
circuit  which  was  obtained  in  the 
small  transformer  by  a  high  mag- 
netic leakage. 

A  choke  coil  designed  for  use 
with  a  2  loo  volt  lighting  trans- 
former is  illustrated  in  Fig.  2.  It 
consists  of  a  single  winding,  sev- 
eral points  of  which  are  connected 
to  receptacles  mounted  in  the  top  of 
the  case.  Its  choking  effect  is 
varied  by  an  adjustment  of  the 
plugs  in  the  receptacles.  The  choke 
coil  and  the  transformer  may  easily 
^^^'  ^  be  moved  from  place  to  place  on  a 

truck  or  wagon,  as  the  weight  of  the  former  is  only  200  pounds. 
An  objection  to  the  use  of  a  choke  coil  might  be  raised  on  the  score 
that  the  transformer  is  not  complete  in  itself.  Opposed  to  this  ob- 
jection, however,  is  the  decided  advantage  gained  by  the  unrestrict- 
ed use  of  any  available  transformer  having  the  proper  ratio  and  of 
from  15  to  25  kw  capacity.  This  advantage  will  be  appreciated  by 
the  station  manager  for  his  investment  will  end  with  the  purchase 
of  the  choke  coil,  and  the  transformer  may  be  one  which  is  used  at 
other  times  on  ordinary  lighting  loads- 
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In  thawing  by  electricity,  it  is  important  that  the  apparatus  be 
placed  as  close  as  possible  to  the  frozen  pipe.  The  secondary  wind- 
ing is  connected  to  the  pipe  in  such  a  way  that  the  frozen  portion 
is  included  between  the  two  contacts.  Resistance  in  the  secondary 
circuit  is  obviously  undesirable,  so  that  unnecessary  length  of  cable 
should  be  avoided  and  good  contacts  at  the  pipe  are  highly  import- 
ant. In  thawing  house  piping,  one  secondary  lead  is  usuallv  con- 
nected to  the  house  faucet  and  the  other  to  a  hydrant  or  to  a  faucet 
in  an  adjacent  house.  In  thawing  street  mains,  connections  are 
made  to  two  hydrants  or  fire  plugs,  or  to  one  hydrant  and  the  pipe 
beyond  the  frozen  part,  as  shown  in  Fig.  3.     Too  much  emphasis 


FIG.   2 


cannot  be  placed  upon  the  necessity  of  aviudiiig  uiuicce»ar\  re- 
sistance in  the  low  voltage  circuit  and  failure  may  oiion  be  lurned 
into  success  In  making  all  contacts  more  secure  and  by  addmg  more 
copper  to  the  seconilary  circuit. 

An  idea  of  the  cost  of  thawing  by  electricity  may  l)e  gained 
from  the  data  eoiUained  in  the  tal)le.  lliongh  dilVerent  ciMiditions 
may  require  e.\i)enditures  oj'  energ\  ((uite  different  Irom  those  in- 
cluded in  the  list.  The  C(xst  to  the  customer  is  sometimes  based 
upon    a    minimum    charge    for   the    ilrsi    hour    with    a    lixed    charge 
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for  cacli  additional  hour,  1)ut  more  often  it  is  represented  1)y  a  fixed 
charge  for  the  operation,  which  varies  in  different  localities  from 
five  to  fifteen  dollars. 

When  considering  the  inconvenience  and  expense  of  laying 
open  streets  and  sidewalks  to  get  at  a  frozen  water  main,  it  is  not 
hard  to  see  the  advantages  of  the  electrical  method.  It  may  be 
of  interest  to  cite  a  case  showing  the  value  of  a  thawing  trans- 


TO  2200  VOM   60  CYCLE  LINE 

tv'Oo.jC"    switch 


FIG.    3 

former.  In  two  successive  winters  of  exceptional  severity  a  six- 
inch  water  main  became  frozen  for  quite  a  distance  at  a  point  w^here 
it  was  carried  over  an  arched  stone  bridge.  It  was  thawed  out 
the  first  time  in  the  old  way  by  a  force  of  laborers  who  completed 
the  work  in  six  weeks.  The  following  ^year  the  thawing  trans- 
former accomplished  the  operation  in  six  hours,  including  the  time 
of  connecting  up  the  apparatus. 


Three  Phase 


THREE-PHASE— SINGLE-PHASE  TRANSFORMATION 

A  CORRECTION  OF  A  MISAPPREHENSION 
CHAS.  F.  SCOTT 
"It  is  desired  to  take  three-phase  current  from  the  power-house  bus- 
bars and  convert  it  to  single-phase  current  without  unduly  unbalancing  the 
three-phase  system.  A  sketch  of  the  transformer  connections  proposed  is 
shown  in  Fig.  i.  Certain  engineers  advise  that  this  will  produce  unbalancing 
of  the  three-phase  system.  Why  is  this  so?  Is  there  a  possible  rearrange- 
ment of  connections  which  would  obviate  this  result?" 

IN  connection  with  various   methods,  which   are   from  time  to 
time   proposed   for   operating   a   single-phase   circtiit    from   a 
three-phase   generator,   there   is   a  general  principle   which   is 
imiversally  applicable.     In  a  normally  operating  symmetrical  three- 
phase  system  the  flow  of  energy  is  uniform.     It  is  comparable  me- 
chanically  to  the   continuous 
flow   of   energy  through   the 
instrumentality   of   a  belt   or 
from    an    engine    where    two 
or  more   cylinders   with   con- 
necting   rods    are    connected 
to     a    common     shaft,     their 
cranks  being  set  at  the  usual 
angles.      The    single-phase 
system,    on    the    other    hand, 
has    as    its    characteristic,    an 
intermittent    flow    of    energy. 
At    certain    m  o  m  e  n  t  s    the 
energy  is   zero.     It   is   there- 
fore impossible  to  convert 
from  three-phase  to  single-phase  and  continue  the  normal  opera- 
tion in  both   systems  unless   there  be   some   provision   for   storage 
of  energy,  such  for  example,  as  a  rotating  armature,  which  may 
be  driven  by  a  three-phase  current  and  deliver  single-phase  cur- 
rent.    The  armature  receives  energy  at  a  uniform   rate  and  gives 
out  energy  at  a  periodically  varying  rate.     The  excess  energy  re- 
ceived during  alternate  intervals  is  stored  in  the  form  of  mechani- 
cal energy  in  the  armature;  in  the  intermediate  intervals  it  is  de- 
livered  to  the   single-phase  circuit.     In  this  manner   the   average 
energy  of  the  single-phase  system  is  equal  to  the  uniform  energy 
of  tile  polyphase  system.     Such  a  means  of  storing  energy,  how- 
ever, is  not  found  in  ordinary  transformers. 


Single  Phase 


FIG.    I 
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'J'lie  forcs^oing  consideration  is  a  conclusive  answer  to  ihc 
proposition  that  single-phase  power  can  be  taken  by  means  of  ordi- 
nary static  transformers  from  a  tliree-])liase  system  without  un- 
balance. 

in  the  dias^ram  representing-  the  ordinary  three-phase  two- 
phase  transformation  by  means  of  two  transformers,  the  two  sec- 
ondar}-  windings,  which  ordinarily  deliver  two-phase  current,  are 
in  this  case  coiuiectcd  in  series  for  supplying  a  single-phase  circuit. 
The  currents  in  the  two  windings  must  therefore  be  alike  in  phase, 
instead  of  dififering  by  90  degrees,  as  in  a  normal  two-phase  cir- 
cuit. The  electromotive  forces  on  the  individual  secondary  coils 
still  differ  in  phase  by  90  degrees.  The  currents  which  would  flow 
through  resistances,  connected  respectively  to  the  individual  coils, 
would  likewise  differ  in  phase  by  90  degrees.  But,  when  a  resist- 
ance is  connected  across  the  two  coils  in  series  the  same  current 
wdll  flow  through  both  coils  and  its  phase  will  be  midway  between 
the  phases  of  the  currents  which  the  coils  would  produce  if  acting 
independently.  It  follows,  therefore,  that  the  phase  of  the  "single- 
phase  current,"  which  is  delivered  by  the  two  secondary  coils  in 
series  lies  between  the  phases  of  the  electromotive  forces,  i.  e.,  the 
maximum  value  of  the  current  lags  behind  the  maximum  value  of 
the  electromotive  force  in  one  of  the  coils  and  leads  that  on  the 
other  coil.  Hence  the  resultant  current  is  a  lagging  current  in  one 
transformer  and  a  leading  current  in  the  other. 

The  current  in  a  primary  winding  of  a  loaded  transformer  has 
its  maximum  and  zero  values  at  practically  the  same  instant  as  the 
current  in  the  secondary.  In  the  transformer  wdiich  has  a  tap  from 
the  middle  of  its  primary  winding  the  current  in  this  winding  is  the 
resultant  of  two  components ;  one  is  the  primary  current,  which 
produces  secondary  current  in  this  transformer,  and  the  other  is  the 
current  which  is  received  from  the  other  transformer.  As  this  cur- 
rent divides  and  flows  equally  from  the  center  through  the  two 
halves  of  the  winding  in  opposite  directions  around  the  core,  it  pro- 
duces no  effect  upon  the  secondary.  In  normal  three-phase  two- 
phase  transformation,  the  two  components  in  each  half  of  the  wind- 
ing dift'er  in  phase  by  90  degrees.  When,  however,  the  final  sec- 
ondary circuits  are  connected  in  series,  these  two  component  cur- 
rents are  of  one  phase.  The  current  which  enters  at  the  middle 
point  of  the  primary  divides  and  flows  one-half  in  the  same  direc- 
tion as  the  primary  current,  and  the  other  half  in  the  opposite  di- 
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rection  from  the  primary  current  in  this  winding.  Hence  the  re- 
sultant current  is  found  by  direct  addition  in  one-half  and  subtrac- 
tion in  the  other  half.  The  result  is  that  the  current  in  the  three 
wires  from  the  three-phase  generator  is  single-phase  currrent,  one 
wire  constitutes  one  side  of  the  circuit  and  the  other  two  wires 
carry  the  return  current.  The  three-phase  generator  is,  therefore, 
badly  unbalanced. 


WINDING  OF  DIRECT-CURRENT  ARMATURES 

A.  C.  JORDAN 

THE  38B  type  of  armature  described  in  the  December  issue 
of  the  Journal  is  one  that  has  been  in  use  for  a  number 
of  years,  and  has  stood  the  test  of  actual  service.  Many 
improvements,  mostly  in  details  of  construction  have,  however,  been 
adopted  in  later  types  of  armatures. 

The  loiB  armature  is  a  typical  style  of  the  more  recent  de- 
signs of  railway  armatures.    A  detailed  description  will  be  given  of 


riG.    I — INSULATED   COItE 

tilis   armature    with   especial   reference  to   the   points   i)i   ditVcrence 
between  the  38I;  already  described  and  the  101  P.. 

Till':  (."oui-: 
Tn  the    \o\V>  motor  armatun-,  tlu'  pmu-hings  are  assembk-d  on 
a  cast  iron  spider,  and  I)ct\\ri,'n  c\u\  plalrs  of  cast  iron.     The  s|)i(KT 
is  pressed  in\  llie  motor  shaft  and  keyed   in   place.     'I'iiis  is  a  i;reat 
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improvement  over  assembling-  the  punchings  directly  on  the  shaft, 
as  the  shaft  may  be  removed  without  disturbing  the  core,  windings, 
or  commutator.  The  end  plates  are  extended  on  each  end  to  form 
a  support  for  the  coils,  and  on  the  pinion  end  the  end  plate  has 
a  flange  or  end  bell  to  protect  the  ends  of  the  coils.  The  coil  sup- 
ports on  each  end  are  first  painted  and  then  insulated  with  several 
layers  of  treated  cloth  paper.  On  each  end  where  the  coils  are  to 
rest  this  insulation  is  covered  with  adhesive  tape.     See  Fig.  i. 

WINDING, 

The  ends  of  the  laminations  and  the  tape  on  the  end  supports 
are  given  a  coating  of  core  paint. 

In  winding  this  armature,  pieces  of  oiled  duck  and  friction 
cloth  are  used  in  the  insulation.     Part  of  the  strips  are  covered 

Friction  Qoth 


Duck 


Section  of  Completed  Strip 


Strips  Belore  Being  Folded 


FIG.  2 — FRICTION  CLOTH   AND  DUCK   STRIPS 

with  friction  cloth  as  in  Fig.  2a.  Then  the  friction  cloth  is  folded 
over  the  duck,  making  a  complete  strip  as  shown  in  Fig.  2b.  These 
strips  are  parafftned  on  both  sides  to  keep  them  from  sticking  to 
the  coils. 

Other  pieces  of  duck  are  cut  as  shown  in  Fig.  2c.  Fig.  2d 
shows  two  pieces  overlapped  ready  to  place  in  the  winding. 

There  are  37  slots  in  this  armature  and  37  coils.  Paraffined 
paper  cells  are  used.  The  throw  of  the  coil  is  i  and  10.  The  leads 
come  from  the  bottom  of  the  coil.  The  lower  leads  are  taped  and 
bent,  and  the  upper  leads  are  bent  over  the  edge  of  the  coil  and  out- 
ward. The  pieces  of  friction  cloth  containing  the  duck  strips  are 
placed  in  each  end  of  the  coils,  as  shown  in  Fig.  3, 

Pieces  of  duck  are  placed  over  the  lower  leads  and  under  the 
ends  of  the  coils. 
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The  tops  of  the  coils  are  driven  down  so  as  to  hold  the  strips 
in  place.  As  each  coil  is  put  into  place  the  strips  must  be  pulled 
through  the  coil  and  the  lower  leads  placed  under  the  duck  strips 
at  the  end.  Cells  are  used  in  the  armature  similar  to  those  in  the 
38B  armature.  After  the  coils  are  all  in  place  and  tested  the  cells 
are  cut  off  about  a  quarter  of  an  inch  above  the  iron. 

WEDGING 

The  coils  in  the  armature  are  held  in  place  by  retaining  wedges 
of  hard  fiber.  These  wedges  slide  in  grooves  punched  in  the  arma- 
ture teeth.    All  the  wedges  are  first  driven  into  the  slots  about  four 


FIG.    T, — FIRST   TEN   COILS   IN   PLACE 

inches,  and  then  a  piece  of  fullerboard,  wide  enough  to  extend  over 
the  ends  of  the  coils,  is  forced  under  the  wedges  and  against  the 
core.  This  is  to  protect  the  ends  oi  the  ccmIs  while  wedging.  The 
wedges  are  then  driven  flush  with  the  rear  ends  oi  the  C(M-e  h\  the 
use  of  the  wedging  tool  and  mallet  already  described.  I'ig.  4  shows 
a  view  of  an  armature  with  part  of  the  we<lges  in  place. 

After  the  wedging  is  completed  the  arnialure  is  given  a  second 
test  for  grounds.  The  strij^s  of  duck  are  fitted  back  over  the  front 
ends  of  the  coils  and  lajH^l  in  place  and  the  lower  leads  bent  back 
over  the  duck.  The  armature  is  then  given  a  coat  of  insulating 
paint  and  is  reatly  to  have  tlie  leads  connected  t(^  the  commutator. 
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CONNECTING 

'Hie  only  way  in  wliicli  the  conneclino-  of  tliis  armature  is  dif- 
ferent from  the  3(SI>,  is  in  tlie  insulation  of  the  enrls  of  the  coils. 
This  is  shown  in  Vv^.  4. 


FIG.    4 — ALL    OF   THE    LOWER   LEADS    AND    SEVERAL    OF   THE    UPPER    LEADS    CONNECTED 

TO  THE  COMMUTATOR 

BANDING 

The  banding  dififers   in  several  details   from  that   of  the  38B. 


FIG.   S — COMPLETED  ARMATURE 

The  bands  on  the  core  are  in  grooves  in  the  laminations.  The 
end  bands  are  much  wider.  The  ends  of  the  coils  at  both  ends  are 
nicely  covered  with  duck  and  the  bands  are  placed  over  this.  This 
keeps  all  dust  and  dirt  out  of  the  windings.  The  completed  arma- 
ture is  shown  in  Fig.  5. 

TYPE  S  ARMATURES 
These  armatures  are  used  for  constant  speed,  constant  voltage 


work. 


CORE 


The  core  for  this  type  of  machine  is  usually  assembled  on  a 
spider  and  provided  with  slots  for  ventilation.     A  fullerboard  ring 
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FIG.    6 — VIEWS    OF    DIFFERENT    COILS    SHOWING    HOW    THE    LEADS    ARE    BENT 

is  placed  over  the  end  plate  on  the  commutator  end,  in  order  to  keep 
the  leads  from  touching  the  end  plate.  Both  ends  of  the  core  are 
then  painted  with  core  paint. 

WINDING 

A  special  coil  shown  un  the  left  side  of  Fig.  6  is  used.  This 
coil  is  shorter  than  any  of  the  others  shown,  and  thus  the  overall 
dimensions  of  the  armature  are  shorter. 

The  inside  ends  of  the  coils  on  the  commutator  end  are  painted 
with  an  insulating  compound.  After  the  armature  is  wound,  tested 
and  wedged,  the  ends  of  the  winding  are  trued,  hoth  on  the  top  and 
the  ends  of  the  coils.     The  tops  of  the  coils  on  the  commutator  end 


FIG.  7 — FRICTION   CLOTH    LSED   INSTEAD  OK   A   BLANKET 
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must  Ijc  sucli  a  (lislaiicc  fr(Jin  the  shaft  tliat  after  the  insulation  is 
on  the  coils,  and  the  top  leads  are  brought  over  the  front  of  the 
winding,  the  leads  will  be  level  with  the  top  of  the  core.  Layers 
of  friction  cloth  are  wound  around  the  front  end  of  the  coils  and 
layers  of  black  tape  over  this  next  to  the  leads.  The  fric- 
tion cloth  must  be  long  enough  to  fit  tightly  over  the  ends  of  the 
I 


FIG.  8 — TWO-CIRCUIT,  PROGRESSIVE,  WAVE  WINDING  FOUR  POLES,  47   SLOTS,  47  BARS, 
47  COILS,  ONE  TURN  PER  COIL,  TWO  COILS   PER   SLOT 

coils  and  underneath  as  far  as  the  bottom  leads.  The  friction  cloth 
cut  ready  for  use  in  insulating  the  ends  of  the  coils  from  the  leads 
is  shown  in  Fig.  7.  The  lower  leads  are  then  bent  back  as  in  the 
description  of  the  No.  38B  railway  motor. 

CONNECTING 

These  armatures  are  connected  in  a  manner  similar  to  those 
already  described. 

BENDING  AND  TAPING  LEADS 

The  leads  are  brouglit  out  of  the  sides  of  coils  cither  at  the 
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top  or  at  the  bottom.  If  the  leads  come  from  the  bottom,  they  are 
bent  down  and  out.  The  top  leads  are  bent  back  over  the  edge  of 
the  coil  and  outward. 

Where  the  leads  come  from  the  top  of  the  sides  of  the  coil  the 
lower  ones  are  bent  over  the  edge  of  the  coil  down  and  out.  The 
upper  ones  are  left  as  they  are,  straight  out.  Fig.  6  shows  three 
different  types  of  coils  with  leads  bent. 

Upper  leads  are  never  taped  except  in  the  case  of  an  idle  coil, 
so  the  following  applies  only  to  lower  leads. 


riG.    9 — TWO-CIRCL'IT,    RETROGRESSIVE.    WAVE    WINDING,    FOUR    POLES,    47    SLOTS,    47 
IIARS,   47   mil.S,   ONE  TURN    TKR   COIL,  TWO   COILS   PER   SLOT 

Coils  with  single  loads  do  not  have  the  leads  taped  at  all. 
Neither  do  coils  willi  two  leads  when  the  number  of  comnnitator 
bars  is  equal  to  the  number  of  slots  in  the  core,  because  the  two 
leads  are  in  parallel,  and  both  belong  to  the  same  bar  in  the  com- 
mutator. 

Coils  having  two  leails  which  are  to  be  placed  in  difYerent  bars 
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have  the  outside  lead  taped  with  wliite  tape,  and  then  lj(jth  taped  to- 
gether. 

When  a  coil  has  three  leads,  the  middle  one  is  taped  black,  the 
outside  one  white,  and  all  three  bound  together  with  white  tape. 

A  coil  with  four  leads  is  taped  similarly  to  the  coil  with  two 
leads,  taping-  the  two  outside  leads  as  one,  and  finally  taping  all  to- 
gether. 

A  coil  with  six  leads  is  taped  as  a  coil  with  three  leads,  taking 
two  outside  and  two  inside  leads  as  one,  as  they  are  to  be  in  parallel. 

A  coil  with  eight  leads  is  taped  similarly  to  a  two-leaded  or 
four-leaded  coil,  taping  the  four  outside  first. 

A  coil  with  nine  leads  is  taped  as  a  three-leaded  coil,  treating 
the  three  middle  and  three  outside  ones  each  as  one  lead. 

The  coils  are  taped  in  this  manner  so  that  the  winders  may 
know  which  are  outside  leads,  which  arc  middle  leads,  and  which 
are  inside  leads. 

When  there  is  an  idle  coil  in  an  armature  the  lower  leads  of 
the  idle  coil  are  taped  their  entire  length,  and  a  small  piece  of  white 
tape  wound  around  the  upper  leads. 

GENERAL  CONSIDERATION  OF  ARMATURE  WINDINGS 

Almost  all  armatures  are  lap  or  wave  wound,  with  progressive 
or  retrogressive  windings.  Figs.  8  and  9  show  a  progressive,  four 
pole,  wave  winding  and  a  retrogressive,  four  pole,  wave  winding. 
It  will  be  seen  that  a  progressive  winding  continues  around  the 
commutator  in  a  clockwise  direction  and  the  retrogressive  winding 
proceeds  around  the  commutator  in  a  counter  clockwise  direction. 
The  difference  in  the  operation  of  the  two  windings  is  that  a  motor 
wound  with  a  retrogressive  winding,  runs  in  the  opposite  direction 
from  one  that  is  wound  with  a  progressive  wdnding.  If  used  as  a 
generator,  the  polarity  of  the  terminals  is  reversed.  Whether  an 
armature  is  to  be  wound  progressive  or  retrogressive  is  determined 
by  the  throw  of  the  coils  and  the  position  of  the  short-circuited  coil. 

Take  for  example,  a  four  pole,  wave  wound  armature  having 
41  slots.  Throw  of  coil,  i  and  9,  one  lead  per  coil,  41  commutator 
bars,  progressive  wound. 

From  the  formula  : — Cr=ny  -|-  or  —  2. 
where  C^total   number  of   conductors      (Assuming   one  turn   per 

coil), 
where   n=:to  the  nmnlx'r  of  poles, 
where  y:=:average  pitch. 
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To  find  C  multiply  the  number  of  leads  coming  from  anv 
slot  by  the  number  of  slots.  If  the  armature  is  to  be  progressive 
use  minus  2  in  the  formula,  if  it  is  to  be  retrogressive,  plus  2  is 
used. 

In  this  armature  we  have  C=:82,  n-:=4. 
Then  82^4  y — 2 

y=2i,  average  pitch. 
As  the  throw  of  the  coil  is  i  to  9,  conductor  Xo.  i  in  slot  No. 
I  connects  to  conductor  No.  18  in  slot  No.  9.    The  back  pitch  is  the 


FIG.    10 — PROtJKESSIVlL    WAVK   WIN'DINC,   FOUR  POI.E,   TWO   COU.S   CONNECTED 

number  of  conductors  between  these  two,  and  is  17  in  this  case. 
The  front  pitch  is  the  number  (if  conductors  between  cc^iductor  No. 
18  and  the  one  it  is  connected  to  on  the  commutator.  It  is  found 
by  adding  the  difference  between  the  back  pitch  and  the  average 
pitch  to  the  average  i^itcli.  Tliis  makes  the  front  pitch  25.  .\  wind- 
ing labK-  may  be  cnnslrueled  b\  tiist  adding  back  pitch  and  then 
liont  pilch  to  the  nui)i1)er  of  the  eiMidnclMr  where  the  winding  i;^ 
started,  beginning  with    1    in  slot  No.   1,  as  follows: 
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Commutator  throw  I  ^^'^^~   =  22  jr=i — 22. 

Commutator  bar        Conductor  Conductfjr 

1  I  18 

22  18  43 

2  43  60 

23  60  85 

and  so  on  around  the  armature.     Fig.  10  shows  two  coils  connected 
on  this  type  of  armature. 

To  wind  this  armature  retrogressively  proceed  as  follows : 

C=ny-|-2,     y==20. 

Back  pitch  17,  average  20,  front  pitch  23. 

Commutator  throw  }  "^  =  2ij  — i — 21. 

Commutator  bar        Conductor  Conductor 

I  I  18  ■ 

21  18  41 

41  41  58 

20  58  81 

and  so  on  around  the  armature. 

Fig.  II  shows  two  coils  connected  on  this  type  of  armature. 
The  following  is  an  example  of  an  armature  slightly  different 
from  the  one  just  given : 

Four  pole,  progressive  wound,  49  coils,  49  slots,  throw  of  coil 
I  and  12,  four  leads  per  slot,  97  bars. 

Substituting  in  the  formula :     C^ny — 2. 
I96=:4y — 2 
y=49^,  average  pitch. 
Since  a  fraction  in  the  pitch  means  a  fraction  of  a  slot,  which 
is  not  possible,  a  fewer  number  of  conductors  must  be  used.     With 
194  conductors, 

C^ny — 2 
I94=ny — 2 
y^49  average  pitch. 
If  198  conductors  had  been  tried,  then  the  average  pitch  would 
be  50.    As  the  slots  are  completely  filled,  two  extra  conductors  can- 
not be  added,  so  the  leads  from  the  idle  coil  are  cut  off  and  insulated 
and  the  coil  left  in  the  slot  for  mechanical  balance. 

With  throw  of  i  and  12  the  back  pitch  is  45,  the  front  pitch  53, 
and  the  average  pitch  49. 


WINDING  DIRECT-CURRENT  ARMATURES 


Commutator  throw 


r  97  +  3   _   cr.  1 


L 


50  J  =1—50. 


The  following  example  is  a  rather  peculiar  case,  as  the  back 
average  and  front  pitch  are  all  the  same : 

Armature  with  three  leads  per  coil,  37  slots,  37  coils,  throw  of 
coil  I  and  10,  1 1 1  bars,  retrogressive  winding. 
C=222    222=4}' -)-2    y=55 
Back  pitch  55.  average  pitch  55.  front  pitch  55. 
By   the   same   methods   used   in   the    above   example,    winding 


MG.     II — RETKOCKKSSIVK    WAVr,    WINDING,    FOUR    POLE,    TWO    LEADS    AND    TWO    COILS 

CONNECTED 

tables  may  he  cnnstrncted  for  anv  desired  number  of  leads. 

If  the  numlx'r  of  l)ars  in  the  commutator  is  the  same  as  the 
number  of  slots  in  the  armature,  anil  if  there  is  more  than  one  1(  ad 
from  each  side  of  the  coil,  the  leads  on  the  same  side  arc  to  be  in 
nuiUii)le,  and  slvnild  be  connected  as  one  lead. 
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When  the  number  of  bars  is  twice  the  mimber  of  slots,  two  or 
more  coils  arc  assembled  in  ci  cell.  In  such  cases  the  leads  on  each 
side  should  be  uniforndy  se]:)arated  into  two  divisions,  if  there  is 
more  than  one  lead  in  each  division.  Such  leads  arc  t(^  be  in  nudti- 
ple,  and  should  l)e  connected  as  a  sint;le  lead  to  the  commutator. 

When  the  number  of  bars  in  the  conimutator  is  three  times 
the  number  of  slots,  there  are  three  or  more  cells  assembled  to- 
gether. The  leads  on  each  side  should  be  uniformly  divided  into 
three  divisions  and  each  division  connected  as  one  lead. 

Sometimes  there  is  an  idle  bar  in  the  commutator.  This  is 
caused  by  using  a  special  coil  and  winding  with  a  standard  com- 
mutator. This  occurs  chiefiy  in  armatures  wound  with  strap  or 
bar  copper.  The  idle  bar  is  used  so  that  the  leads  from  the  idle 
coil  may  be  carried  out  to  the  commutator  necks  to  avoid  the 
crowding  of  the  leads  that  would  occur  in  connecting  them  to  the 
commutator  if  the  bar  was  left  out.  T'he  bottom  of  the  slot  in  the 
commutator  neck  is  filled  with  "dummies,"  and  the  top  lead  or  leads 
belonging  to  this  bar  are  soldered  to  the  other  leads  coming  from 
the  same  coil.  This  is  for  mechanical  appearance,  and  also  to  assist 
commutation. 
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EXPERIENCE  ON  THE  ROAD 

W.  F.  LAMME 

Y  first  experience  on  the  road  vv^as  as  a  "trouble"  man.  To 
be  a  successful  "trouble"  man  it  is  necessary  to  have  some 
knowledge  of  the  design  and  characteristics  of  the  appar- 
atus against  which  complaints  are  made. 

Troubles  with  apparatus  can  be  divided  into  two  classes — real 
troubles  and  troubles  imagined  ;  that  is,  which  do  not  really  exist. 
The  latter,  the  imagined  troubles,  need  not  worry  the  road  engineer 
farther  than  to  think  out  and  present  proof  that  they  do  not  exist 
in  fact.  Sometimes  a  local  engineer  has  imagined  difficulties,  but 
before  the  discovery  of  his  position  he  has  committed  him- 
self, and,  in  order  to  "make  good"  he  must  adhere  to  his 
statement  that  something  is  wrong.  In  many  cases  it  is  well 
for  the  road  engineer  to  act  in  a  diplomatic  manner  and  give  the 
local  engineer  an  opportunity  to  withdraw  gracefully  without  in- 
juring his  standing  with  his  company. 

When  the  trouble  is  a  real  one,  then  it  is  wise  for  the  engineer 
to  use  caution.     Most  troubles,  before  they  reach  the  point  where 
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an  engineer  is  sent  ont,  have  gotten  the  customer  in  an  unfriendly 
mood,  and  when  the  manufacturer's  engineer  arrives  upon  the 
ground,  he  finds  himself  received,  in  many  instances,  in  an  abrupt 
manner  and,  in  most  cases,  coldly.  The  manager  may  ask  you  for  an 
opinion  before  you  have  looked  over  the  case,  and  may  show  displeas- 
ure if  you  cannot  give  him  an  immediate  answer.  He  turns  you  over 
to  his  engineer,  who,  in  order  to  show  his  loyalty  to  his  company,  or 
because  he  too  is  irritated  at  the  state  of  affairs,  gives  you  an  ex- 
aggerated and  misleading  description  of  the  situation.  Under  the 
above  conditions,  and  they  are  numerous,  it  is  best  for  the  road 
engineer  to  maintain  silence,  listen  to  all  that  is  said  but  make  no 
judgment  in  his  own  mind  until  he  has  made  investigation  for  him- 
self. 

One  of  our  salesmen  sold  an  alternator.  Of  the  operation  of 
this  alternator  evidently  a  very  glowing  description  had  been  given 
to  the  purchaser.  The  alternator  was  of  the  well  known  compound 
type,  belted  to  a  high-speed  engine,  with  a  tiywheel  governor.  The 
alternator  was  of  standard  make  and  all  its  characteristics  were 
well  known.  The  load  was  lighting,  therefore  nominally  non-in- 
ductive.    The  exciter  was  of  ample  capacity. 

The  report  on  this  installation  stated  that  at  times  great  ditft- 
culty  was  experienced  in  keeping  up  the  voltage  ;  the  exciter  was 
nuich  overloaded  and  two  exciter  armatures  had  been  damaged ; 
several  electrical  engineers  had  experimented  upon  the  case  and 
had  securetl  no  satisfactory  results,  therefore  it  was  not  welcome 
news  to  l)e  designated  for  the  job.  However,  the  salesman  and 
myself  visited  the  ])lant  and,  as  usual,  met  with  a  chill.  The  i)lant 
was  started  and  everything  ran  well  :  the  alternator  held  voltage 
with  a  large  margin  on  the  rheostats  and  the  exciter  was  quite  cool 
to  the  hand.  'Hie  allernalions  were  al)out  correct,  the  engine  run- 
ning at,  ap])ri).\imalely,  250  r.i).ni. 

Retiring  to  await  developmenis,  we  returned  in  al)onl  an  hour. 
(J"onditions  had  now  changed.  The  alternator  could  barel\  hold 
voltage,  with  all  the  rheostats  out  and  the  exciter,  laboring  under 
a  heavy  overload,  was  quite  hot,  but  I  noticed  a  different  hum  from 
that  at  the  start  of  the  machinery.  This  led  me  to  take  speed.  1 
found  the  enginr  now  running  not  ai  -'50  but  at  2\J  r.p.ni.  'I'his 
explained  everxtbing.  There  was  a  defect  in  the  engine  governor 
which  caused  the  sprrd  to  drop  at  a  certain  load  and  to  remain 
there,  .\fter  this  defect  was  remedied  the  engine  held  speed  and 
the  electrical   a])paratus  proved  to  be  in  every  way  satistactiM'y. 
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The  centrifugal  piini[)  driven  Ijv  an  electrical  motor,  is 
sometimes  a  source  of  annoyance  and  the  motor — "the  mysteri- 
ous thing" — receives  the  blame.  The  purchaser  will  tell  you  that 
anyone  can  calculate  the  power  required  to  drive  a  pump, 
but  the  electric  motor  is  an  incomprehensible  piece  of  apparatus 
and  therefore  must  be  the  i)art  at  fault.  One  installation  driven 
by  a  lo  hp  direct  connected  motor  should  have  required  about  6 
hp.  but  the  motor  ran  so  hot  that  frequent  shut  downs  were  neces- 
sary to  permit  the  motor  to  cool  off :  actual  tests  proved  this  pump 
took,  approximately,  i8  hp  and  that  two-thirds  of  the  required 
power  was  expended  in  churning  water.  This  pump  was  adapted 
for  a  much  higher  head  than  that  under  which  it  was  operating. 

Four  large  alternators  in  a  certain  plant  would  not  maintain 
voltage  beyond  a  load  of  two-thirds  of  the  capacity  of  the  units. 
Upon  meeting  the  manager  he  desired  a  clear  explanation  of  the 
difficulty  before  we  had  investigated  the  matter  at  all.  Of  course, 
an  intelligent  reply  to  his  questions  was  impossible  and  he  would 
not  accept  a  statement  that  we  did  not  know  as  yet  but  took  the 
view  that  we  were  hiding  something. 

Proceeding  quietly  with  the  work,  taking  a  saturation  and 
regulation  curve,  according  to  the  methods  in  vogue  at  that  time, 
we  soon  discovered  that  something  was  preventing  the  passage  of 
the  magnetic  flux  through  the  armature  coils.  This  of  course  di- 
rected attention  to  the  air  gap  and  the  pole  tips.  It  w^as  noted  that 
the  field  bobbins  were  at  a  distance  back  from  the  tips  and  that  the 
tips  were  unusually  close  together ;  acting  upon  the  theory  that  the 
lines  of  force  must  be  held  in  and  driven  through  the  armature  iron, 
we  dropped  the  coils  close  to  the  armature,  and  the  immediate 
effect  was  that  we  could  carry  25  per  cent,  more  load  with  main- 
tained voltage  than  before,  but  still  the  alternator  was  not  up  to 
the  guarantee,  so  to  strengthen  the  pole  tips  still  more,  the  back 
fourth  of  the  field  bobbins  was  cut  out  and  the  field  current  was 
increased  25  per  cent.  This  accomplished  the  result  desired,  and 
the  puzzle  was  solved,  but  our  troubles  were  not  yet  over.  Going 
to  the  manager  we  explained  that  the  trouble  lay  in  the  field  bobbins 
and  w'e  wished  to  return  them,  one  set  at  a  time,  to  the  factory  to 
be  changed,  but,  he,  thinking  he  had  not  been  treated  right,  de- 
nied the  favor  at  the  same  time  acknowledging  that  the  machine 
was  not  satisfactory  nor  accepted  by  him.  A  survey  of  the  situation 
brought  our  erecting  engineer  to  the  conclusion  that  this  was  all  a 
case  of  bluff  and  trying  to  get  even  with  the  company ;  therefore 
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it  was  resolved  to  strip  one  machine  that  night,  which  was  done, 
and  a  complete  set  of  bobbins  was  out  of  the  plant  and  in  a  car 
before  daylight  the  next  morning. 

Of  course,  "blue  smoke"  rolled  about  our  heads  the  next  day, 
but  after  the  return  of  the  bobbins  from  the  factory  and  the  ma- 
chine was  put  into  service  again  it  was  so  satisfactory  to  the  oper- 
ators that  the  manager  gracefully  acknowledged  that  he  had  been 
beaten. 

In  a  selling  office  much  "charity"  and  "missionary  W'ork"  be- 
come necessary.  For  example :  A  customer  reports  that  his  motor 
is  burnt  out ;  an  investigation  shows,  perhaps,  that  a  fuse  is  blown 
or  the  power  is  off  the  circuit ;  another  reports  his  motor  is  ground- 
ed, which  means  he  had  a  static  discharge  coming  from  the  belt. 

Recently  a  customer  thought  something  was  wrong  because 
the  voltage  on  a  compound  direct  current  generator  increased  when 
the  load  came  on  instead  of  decreasing.  He  had  always  been  used 
to  the  voltage  decreasing  with  the  increase  of  load  and  any  other 
condition  he  reasoned  to  be  wrong. 

A  party  had  a  two-phase  motor  operated  on  a  two-phase  three- 
wire  system ;  it  became  necessary  to  take  this  motor  down  and  re- 
install it  in  another  place,  but  in  connecting  up  again  the  common 
wire  was  put  in  one  side;  of  course  the  motor  operated  badly,  and 
after  much  worry  and  many  sleepless  nights,  the  manufacturer  was 
called  upon  for  aid.  A  few  minutes'  work  put  him  right  and  the 
man  showed  unmistakeable  relief  and  jov. 
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KILOWATT  HOURS  PER  CAR  MILE 

A  subscri])cr  on  tlie  Pacific  coast 
writes  as  follows : 

"The  Novcnihcr  issue  contains  an  ar- 
ticle by  Mr.  (^.ralrim  Bright,  ''i'est?  of 
Interurhan  Single-])hase  ]'2quipment.'  On 
page  65s   I   lind  the   following  sentence: 

"'The  kilowatts  ( kw  Iiours?)  per  car 
mile  and  watt  hours  per  ton  mile  can  be 
Calculated  from  the  average  kilowatts 
which  i§  obtained  by  integrating  the  line 
real  kilowatt  curves  and  dividing  by  the 
entire  time  of  run  including  the  stop.' 

"It  is  true  that  these  quantities  can 
be  calculated  in  the  manner  indicated, 
but  if  so  Calculated  they  will  not  be  Cof- 
rect 

"Suppose  that  the  total  kilowatt  hours 
of  the  run,  including  several  stops,  be 
determined  by  means  of  an  integrating 
wattmeter.  Disregarding  instrumental 
errors,  the  kilowatt  hours  so  determined 
wilb  be  precisely  the  same  as  those 
shown  by  integrating  the  kilowatt-time 
curves.  The  watt  hours,  no  matter  how 
determined,  divided  by  the  car  miles  and 
the  ton  miles,  will  give  the  watt  hours 
per  car  mile  and  per  ton  mile. 

"It  should  be  evident  to  Mr.  Bright 
that  car  miles  and  ton  miles  are  func- 
tions of  distance,  not  in  the  least  of 
time :  and  that  if  he  integrates  the 
curves  as  he  states  and  divides  by  the 
entire  time  of  the  run,  including  the 
stop,  his  average  kilowatts,  witli  refer- 
ence to  distance,  will  be  low  in  just  the 
ratio  that  the  time  the  car  is  actually 
in  motion  is  to  the  total  time  of  the  run 
including  the  stops. 


"It  sliould  be  evident  also  that  he  lia5 
only  to  make  his  runs  short  enough  and 
liis  stops  long  cnoug-ii,  and  calculate  the 
watt  hours  per  car  mile  and  per  ton  mile 
according  lo  the  metlmd  he  gives,  to 
make  these  ciuantities  as  low  as  he 
pleases." 

The  original  paragraph  is  obviously 
in  error  in  omitting  the  word  hours  and 
referring  to  "kilowatts  per  car  mile"' 
instead  of  kiloivatt  hours  per  car  mile. 

The  contention  that  the  length  of  stop 
does  not  aflfect  the  power  per  car  mile  is 
quite  correct.  It  is  certainly  true  that 
"the  watt  hours,  no  matter  ho\v  de- 
termined, divided  by  the  car  miles  and 
the  ton  miles,  will  give  the  watt  hours 
per  car  mile  and  ton  mile."  The  critic 
determines  the  watt  hours  in  one  way; 
the  original  author  in  another,  /.  e.,  they 
are  to  "be  calculated  from  the  average 
kilowatts."  To  make  the  calculation  of 
kilowatt  hours,  (which  involves  time) 
from  the  average  kilowatts  it  is  clearly 
necessary  to  introduce  the  number  of 
hours.  Thus,  if  during  a  day  of  ten 
hours  (during  which  a  car  may  have 
stopped  many  times  for  various  inter- 
vals) it  is  found  that  the  "average  kil- 
owatts" are  100.  then  the  kilowatt  hours 
are  i  000  and  the  kilowatt  hours  per  car 
mile  are  found  by  dividing  i  000  by  the 
total  number  of  miles  traveled.  It  is 
obvious  also  that  the  method  specified 
for  finding  the  average  kilowatts  is 
correct.  If  a  single  test  run  is  all  that 
is  involved  the  critic's  method  is  simple 
and  satisfactory.  If  the  test  includes 
many  runs,  Mr.  Bright's  method  should 
be  used. 


THE 

Electric  Journal 


VOL.  III.  FEBRUARY,  1906  NO.  2. 


Some 


Electric  locomotives  were  put  into  service  by  the 
Baltimore  &  Ohio  Railroad  Company  in  the  Balti- 
Features  more  tunnel  about  ten  years  ago.    This  first  import- 

of  Heavy  ^^^^  installation  of  electricity  in  steam  railway    ser- 

Electric  ^^j^^  ^^^  popularly  supposed  to  be  the    forerunner 

Traction  ^^£  ,^  jarge  and  immediate  general  adoption  of  elec- 

tricity by  steam  railroads.  This  innovation,  however,  was  slow  to 
come.  In  fact,  over  ten  years  have  elapsed  and  this  initial  installa- 
tion has  not  yet  been  duplicated. 

An  official  intimately  connected  with  this  work,  observing  the 
attractive  cost  per  engine  mile,  had  estimates  made  for  electrical 
service  over  a  mountain  division.  The  cost  of  copper,  however,  ran 
into  such  an  enormous  sum  that  even  a  serious  discussion  of  the 
matter  was  precluded. 

The  cost  of  transmission  conductors  is  a  most  important  fac- 
tor in  the  electrification  of  steam  railways.  It  has  prevented  the 
economical  adoption  of  the  ordinary  direct-current  method  of  oper- 
ation for  heavy  service.  It  is  the  real  underlying  factor  in  the  im- 
petus which  the  single-phase  system  is  giving  to  heavy  traction  be- 
cause it  employes  higher  voltages  which  greatly  reduce  the  cost  of 
conductors. 

Operation  under  steam  railway  conditions  is  quite  a  different 
])rol)lem  from  the  running  of  street  railways  or  interurban  roads. 
1Mie  most  favorable  conditimi  f(M-  an  ordinary  electric  railway  plant 
is  the  operation  of  a  large  number  of  small  units  which  thereby 
distribute  the  load  over  the  system.  In  an  interurban  railway  with 
manv  sub-stations,  six  or  eight  miles  apart,  it  is  desirable  that  some 
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cars  be  at  all  tiincs  upon  each  section  supplietl  by  a  sub-station,  so 
that  both  sub-stations  and  the  conductors  from  them  may  be  in  con- 
tinuous service  at  a  fair  load.  The  operation  of  many  small  units 
at  frequent  intervals  has  thereby  met  the  commercial  reciuirements 
for  street  and  interurban  railways. 

In  steam  railvva_\-  operation,  however,  the  economical  movement 
of  traffic  is  in  large  volume,  that  is,  by  long  and  heavy  trains.  The 
important  recent  advances  in  steam  railway  operation  have  con- 
tributed to  this  end.  The  capacity  of  freight  cars  has  been  more 
than  doubled ;  the  strength  and  efficiency  of  the  draft  gear  has  been 
increased ;  locomotives  have  been  developed  to  give  greater  tractive 
effort  and  greater  power ;  with  trains  of  greater  length  radical  im- 
provement in  air  brake  appliance  has  been  secured ;  rails  have  been 
made  heavier  and  bridges  have  been  rebuilt ;  grades  have  been  re- 
duced and  curves  have  been  eliminated ;  all  for  the  purpose  of 
handling  the  traffic  by  longer  and  heavier  trains. 

The  principal  limits  to  this  development  are  now  found  in  the 
steam  locomotive.  The  length  of  its  rigid  wheel  base,  the  maxi- 
mum weight  on  a  pair  of  drivers  and  the  steaming  capacity  can- 
not be  materially  increased. 

The  electric  locomotive  operated  from  a  high  voltage  trolley 
possesses  certain  fundamental  features  which  adapt  it  to  overcome 
these  limitations. 

The  high  voltage  tr!)lley  with  sub-stations  widely  separated  so 
reduces  the  cost  of  the  transmission  svstem  that  it  is  no  longer  im- 
perative to  keep  the  load  upon  the  system  in  small  distributed  units. 

The  multiple  control  system,  by  which  a  locomotive  may  be 
divisible  into  several  separate  parts  which  may  be  combined  into  one 
unit,  in  so  far  as  the  operation  by  a  single  motorman  is  concerned, 
overcomes  the  limitations  of  rigid  wheel  base  and  the  weight  on 
drivers  of  the  steam  locomotive. 

Several  steam  locomotives  drawing  one  train  are  distinct  indi- 
vidual elements  under  the  control  of  different  crews. 

The  operation  of  several  parts  as  one  individual  electric  loco- 
motive is  as  simple  as  the  operation  of  a  subway  train  in  New  York, 
in  which  six  or  eight  motor  cars  are  simultaneously  controlled  from 
a  single  operating  handle. 

The  horsepower  which  can  be  applied  to  the  drawing  of  a 
train  by  locomotives  is  limited  by  the  boiler  capacity,  but  in  the  elec- 
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trie  system  it  has  no  corresponding  limit,  as  all  trains  receive  their 
power  from  a  large  power  plant. 

In  the  handling  of  a  heavy  freight  train  up  a  grade  there  is  no 
reason  why  a  train  should  not  operate  at  twenty  or  thirty  instead 
of  ten  or  fifteen  miles  per  hour,  except  for  the  problem  of  supplying 
sufficient  power.  The  drawbar  pull  and  the  horsepower  hours  are 
practically  the  same  for  moving  a  given  train  a  given  distance  at  the 
higher  speed.     The  time  consumed,  however,  is  only  half  as  great. 

Instead  of  supplying  one  thousand  horsepower  to  each  of  two 
trains  running  ten  miles  per  hour  an  electric  power  house  can 
supply  two  thousand  horsepower  to  a  single  train  at  twenty  miles 
per  hour  with  equal  facility,  thereby  reducing  the  number  of  train- 
hours  for  the  handling  of  a  given  traffic.  The  handling  of  heavier 
trains  or  the  operation  at  higher  speeds  will  enable  the  traffic  to  be 
readily  handled  where  there  may  at  present  be  great  congestion, 
which  with  steam  locomotives  could  be  relieved  only  by  additional 
tracks. 

Incidentally  many  of  the  elements  of  delay  in  steam  operation, 
such  as  taking  water  and  coal,  failures  to  steam,  drawing  fires  and 
the  time  required  for  making  engines  ready  for  service  will  be  ob- 
viated by  electric  operation. 

These  are  some  of  the  elements  which  have  not  l)ccn  fully  ap- 
preciated. The  adoption  of  electric  ojieration  when  applietl  to  any 
class  of  service,  be  it  illumination  or  the  operation  of  street  cars,  or 
trains,  or  machine  tools,  is  wont  not  only  to  accomplish  more  satis- 
factorily what  was  done  before  but  to  lead  to  new  methods.  The 
introduction  of  the  single-phase  system  has  removed  some  formida- 
ble barriers  to  the  adoption  of  electricity  for  railway  service,  and 
promises  both   economy  and  new  methods  of  facilitating  traffic. 

1'.  IT.  Siii-.i'AKn 


^.  I  he  article  elsewhere  m   tins   issue  1)\-    Mr.    lar- 

The  ,  .   .    ,-    . 

sons  on  an  improNcd  system  ol  indexing,  em- 
phasizes the  great  adxance  which  has  occurred 
with  resjiect  to  classitying  and  systemizing  rec- 
ords in  recent  y(\irs.  \\  hen  text  books,  refer- 
ence books  and  technical  journal  were  few.  the  man  with  a  fair- 
ly good   memory   could  readily   recall    important    articles.  ;'.nd   he 
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needed  only  to  be  careful  about  his  own  note  books.  Now  this 
is  all  changed  and  only  men  who  are  librarians  like  Spofford  and 
Amzi  Smith  can  work  with  mental  records  only.  Some  form  of 
written  record  is  absolutely  necessary. 

The  card-index  idea,  first  used  for  library  catalogues,  has 
proved  itself  adapted  to  almost  every  form  of  recording  data  so 
as  to  be  readily  accessible,  being  now  in  almost  universal  use  in 
accounting  in  the  loose-leaf  ledgers  and  other  books.  Engineers 
were  quick  to  adopt  this  most  convenient  tool,  and  the  younger 
members  of  the  profession  cannot  be  too  strongly  urged  to  begin 
recording  their  notes  in  a  systematic  way.  Most  of  the  tech- 
nical schools  devote  some  attention  to  this  matter.  Obviously  it 
is  of  the  first  importance  in  filing  information,  that  the  subject 
or  title  should  be  so  shown  that  it  not  only  covers  the  data,  but 
that  it  will  be  of  the  form  in  which  the  idea  will  most  readily 
occur  to  the  mind  when  the  subject  comes  up.  Experience 
demonstrates  the  importance  of  this  point  but  it  is  not  always 
appreciated  at  first.  Hence  the  value  of  such  articles  as  that  of 
Mr.  Parsons,  which  discuss  the  sidDJect  of  indexing  in  a  scientific 
way.  Besides  their  chief  value,  as  applied  to  information  in  a  large 
way,  card-indexes  are  very  helpful  even  in  the  smaller  work  of 
making  individual  data  readily  available. 

W.  M.  ^TcFarland 


Power  Plant 
Economics 


The  paper  read  by  ^Ir.  H.  G.  Stott  before  the 
January  meeting  of  the  American  Institute  of 
Electrical  Engineers  on  Power  Plant  Econo- 
mics is  an  admirable  engineering  paper.  It  deals 
with  the  generation  of  power,  and  treats,  there- 
fore, of  the  fundamental  element  in  engineering  development. 
It  discusses  the  revolutionary  advance  in  the  steam  power  plant 
for  the  generation  of  electricity  which  has  taken  place  during 
the  short  space  of  three  years  in  the  supplanting  of  large  re- 
ciprocating engines  by  steam  turbines.  It  contains  data  on  the 
losses  in  the  conversion  of  coal  into  electricity,  based  upon  ob- 
servation for  an  extended  period  in  one  of  the  largest  and  most 
efficient  plants  in  existence.  These  results  are  discussed'  and  the 
probable  improvements  which  can  be  effected,  are  shown  to  re- 
sult in  a  possible  fuel  reduction  of  about  25  per  cent.    An  inter- 
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esting  presentation  is  then  made  of  the  relative  cost  of  mainte- 
nance and  operation  and  the  relative  investment  in  plants  of 
several  types,  employing  reciprocating  engines,  steam  turbines, 
gas  engines  and  certain  combinations  of  these.  From  this  it  ap- 
pears that  a  plant  employing  gas  engines  and  steam  turbines 
may  produce  power  at  less  cost  than  is  involved  in  present  methods. 
The  gas  engine  is  suitable  for  carrying  the  constant  portion  of  the 
load,  as  it  cannot  carry  heavy  overloads,  while  the  steam  turbine  is 
adapted  for  the  fluctuative  part  of  the  load,  as  it  can  carry  great 
overloads.     Hence  the  two  work  well  together  for  ordinary  service. 

The  gist  of  the  paper  is  contained  in  two  excellent  tables 
and  a  summary  which  are  reprinted  in  this  issue  of  the 
Journal.  The  table  giving  the  average  losses  shows  that  ap- 
proximately lo  per  cent  of  the  energy  in  a  pound  of  coal  is  de- 
livered to  the  bus  bars ;  and  of  the  remaining  90  per  cent,  less 
than  1/3  of  one  per  cent  is  charged  under  the  head  of  electrical 
losses,  which  indicates  that  the  present  perfection  of  the  dynamo 
has  reached  a  limit  beyond  which  there  is  little  room  for  im- 
provement. 

It  is  the  electric  generator  and  the  electric  power  system 
which  has  made  possible  the  modern  power  plant.  The  large 
power  plants  in  Greater  New  York,  for  example,  could  not  exist 
were  it  not  for  the  electric  system  to  which  they  supply  power. 
The  output  of  these  plants  is  used  primarily  for  the  operation 
of  electric  railways,  stationary  motors  and  elcclric  lights.  This 
service  is  used  in  imits  ranging  from  a  few  watls  taken  by  an 
electric  lamp  to  nuUors  of  several  hundred  horsepower.  With- 
out the  electric  system  it  would  i)e  impossil)le  to  utilize  the 
power  produced  in  generators  of  thousands  of  kilowatts  output 
in  stations  which  aggregate  hundreds  of  thousands  of  kilowatts; 
in  fact,  the  use  of  mechanical  power  would  not  hv  omployei!  for 
mau}^  of  the  present  purposes  were  it  not  for  the  electric  system. 
Illumination  would  be  produced  by  gas  and  oil  and  not  by  steam 
engines  as  at  present.  Street  cars  would  be  operated  liy  horses 
and  not  by  engines;  and,  many  of  the  operations  which  are  now 
readily  performed  by  electricity,  such  as  the  driving  of  fans  and 
small  machinery,  could  not  be  eoononiically  perf(~>rmod  l^y  any 
other  means. 

It  is  the  electric  system,  therefore,  which  has  made  possil)le 
the  use  of  mechanical  power  on  a  large  scale,  and  which  has  af- 
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forded  a  ready  means  for  its  distribution  frcnn  large  power  sla* 
tions. 

It  is  the  dynamo  that  makes  the  steam  turl)iue  practicable, 
for  there  are  comparatively  few  cases  in  wliich  large  (juantities 
of  power  at  high  speed  can  be  usefully  employed  except  through 
the  medium  of  the  electric  system. 

The  electric  system  not  only  makes  possible  the  utilization 
of  power  generated  in  large  quantities  for  diversified  purposes, 
but  is  a  means  of  distributing  through  a  common  system,  the 
power  from  many  diversified  sources.  Tiie  power  from  recipro- 
cating engines  of  various  types  and  speeds,  and  from  steam  tur- 
bines, and  the  power  from  gas  engines,  may  be  received  into  a 
single  system,  which  may  with  equal  facility  receive  power  from 
waterwheels  many  miles  distant,  and  all  may  operate  in  common 
through  the  agency  of  electric  current  for  supplying  illumina- 
tion and  transportation,  heating  and  mechanical  power  in  varied 
units  for  a  thousand  purposes. 

We  have  a  habit  of  regarding  the  rapid  evolution  of  electric 
apparatus  as  a  matter  of  course.  After  a  century  of  develop- 
ment, steam  power  has  undergone  the  most  radical  transforma- 
tion in  the  course  of  only  a  few  years,  and  the  indications  are, 
that  still  greater  changes  may  be  forthcoming  within  the  next 
few  years.  This  development  is  made  possible  and  is  accelerated 
through  the  new  conditions  which  electricity  has  supplied ;  on 
the  other  hand,  cheaper  power  insures  the  larger  use  of  elec- 
tricity. 

CiiAs.  F.  Scott 


ELECTRIC  RAILWAY  ENGINEERING 

MOTOR  CONSTRUCTION- 
J.  E.  WEBSTER 

THE  improvements  in  railway  motors  of  the  latest  design 
have  been  made  for  the  purpose  of  increasing  their  re- 
liability rather  than  their  electrical  efficiency  which  al- 
low^s  of  but  little  improvement.  Careful  and  extended  observa- 
tions have  been  made  to  determine  any  points  of  weakness  in 
material  or  design ;  these  points  have  been  strengthened  and 
corrected.  As  a  result  the  interval  between  inspections  neces- 
sary for  safe  operation  has  been  greatly  increased  and  the  num- 
ber oi  cars  out  of  order  decreased.  Three  years  ago  the  inter- 
vals between  inspections  varied  from  8000  to  15000  miles  on 
the  mileage  basis,  or  from  one  to  three  months  on  the  time  basis. 
It  is  not  unusual  to  have  the  later  design  of  motors  in  service 
for  a  year  or  more  and  to  have  them  run  50  000  to  75  000  miles 
without  overhaiding.  Even  this  record  \vill  probably  be  greatly 
exceeded. 

Having  eliminated  four-fifths  of  the  overhauling  the  motor 
once  required,  it  is  evident  that  rigidity  of  construction  becomes 
of  the  first  importance.  Accessibility,  except  as  to  lubrication 
and  care  of  brushes,  becomes  a  secondary  consideration.  The 
wear  of  the  bearings  in  the  older  ty[)es  of  motors  determined  to 
a  great  extent  the  number  of  insi:)ections.  I'y  the  introduction 
of  oil  and  waste  as  a  means  of  lubrication,  the  life  of  bearings 
has  been  so  increased  that  it  is  no  longer  the  controlling  ele- 
ment. 

With  res])ect  to  their  size,  railway  motors  m;iy  be  (li\  ided 
into  two  grou])S,  those  below  8(-)lip.  eomiirising  the  type  used 
on  city  and  smaller  interurban  ears:  and  those  above  80  lip. 
which  are  used  in  heavy  interurban.  ele\;ited  and  subway  ser- 
vice. 

The  ])rinci])al  reason  for  lliis  grouping  is  the  tact  that  with 
the  smaller  motors  there  is  sutlieient  room  between  the  car 
wheels  and  below  the  car  body   to  allow  the  design  i^i  the  mi^tor 

*Tliis   is  tlio  socDiul  <if  a   scrips  of  .irticlrs  ou  I-'K-clrio  l\ail\v,iy  F.nginocr- 
ing.     'J'lie  I'lrst  article  appoarcil   in  the   Tamiary.   1906,  issue. 
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to  be  unaffected  by  space  limitations.  The  armatures  are  also 
sufficiently  light  to  be  conveniently  handled  from  below  the  car 
in  a  pit.  The  motors  of  the  largest  type  are  so  heavy  as  to  make 
the  use  of  a  hoist  or  crane  necessary  in  handling,  and  the  long 
armatures  make  necessary  the  use  of  separate  housings  or  bear- 
ing heads  extending  well  inside  the  commutator  and  rear 
armature  winding,  in  order  to  get  sufficient  length  of  bearings. 


FIG.    I — VIEW    OF    NO.     lOIB,    4O-HORSE    POWER,     50O-VOLT,     RAILWAY     MOTOR,     WITH 

LOWER  FRAME  DOWN 

FRAME  CONSTRUCTION 

Small  Type— To  remove  an  armature  from  below  the  car  it 
must  be  possible  to  drop  the  lower  half  of  the  frame.  This  requires 
that : 

(a)  The  field  poles  project  at  an  angle  of  45  degrees  from  the 

horizontal. 

(b)  The  axle  bearings  be  supported  by  the  upper  half  of 
the  frame  overhanging  the  axle  and  Ijy  axle  caps  which  are 
bolted  from  below  to  the  upper  half  frame. 

(c)  The  motor  be  fastened  to  the  truck  on  the  front 
or  the  side  opposite  the  axle,  from  the  upper  half  of  the  frame. 
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(d)  The  gear  case  be  supported  from  lugs  cast  on  the 
upper  half  of  the  frame. 

Until  the  adoption  of  oil  saturated  waste  as  a  lubricant, 
some  three  years  ago  it  was  the  usual  practice  to  support 
the  armature  bearings  directly  between  the  halves  of  the  motor 
frame.  Lubrication  was  provided  by  means  of  grease  cups  cast 
in  the  upper  frame  above  the  bearings.  The  bearings  at  the 
pinion  end  were  usually  split  to  allow  renewals  without  remov- 
ing the  pinion.  This  was  a  great  convenience,  owing  to  the 
short  life  of  the  bearings,  but  had  its  disadvantage  because  of  the 
less  rigid  construction.  It  is,  however,  still  retained  by 
some  manufacturers,  even  with  waste  lubrication.  The  oil  reservoir 
is  entirely  in  the  upper  half  of  the  frame  and  communicates  with  the 

shaft  through  an  opening  in 
the  top  of  the  shell.  The 
lower  halves  of  the  armature 
bearings  are  supported,  in 
this  case,  by  means  of  inde- 
pendent caps,  bolted  to  the 
upper  frame  of  the  motor. 

Another  new  type  of  small 
motor  construction  ( See 
Figs.  I  and  2)  retains  the 
separate  bearing  housings  with  solid  bearing  shells.  The 
housing  is  carried  in  a  cylindrical  seat  between  the  two 
halves  of  the  motor  frame.  There  is  a  collar  on  the  in- 
ner side  of  the  housing  fit,  which  fits  against  a  finished 
face  on  the  motor  frame  and  takes  the  end  thrust  of  the  arma- 
ture. The  seat  of  the  housing  in  the  frame  is  bored  to  the  same 
diameter  as  the  housing,  but  with  thin  liners  between 
the  two  halves  of  the  frame.  ^Vhen  the  housings  are  clam]ied 
iri  ])()sition.  the  entire  strain  of  the  frame  bolls  is  first  ihrown 
on  the  housings ;  then,  as  the  bolts  arc  tightened,  the  outer  sides 
of  the  motor  frame  are  brought  tog'etlicr.  Tn  this  way  the  effect 
of  a  press  fit  is  obtained  and  all  motion  of  the  housing  jirevent- 
cd.  The  slight  spring  given  the  field  frame  also  tends  to  keep 
the  nuts  from  loosening  on  the  frame  bolts.  The  bearing  hous- 
ings are  also  held  by  tap  bolts  from  both  the  upper  and 
the  lower  halves  of  the  frame.  The  housing  thus  forms  a  center 
piece  or   kevstone   around   which    ihe   whole    frame    is   united   as 


FIG.    2 — BEARINGS    AND    BEARING    HOUSINGS 
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a  single  piece,  nil  bolls  acting  together  to  resist  the  hard  strains 
of  services. 

Large  Type — The  limitations  of  s]:)ace  available  and  the 
weight  of  parts  of  motors  of  from  80  to  200  hp  have  made  changes 
in  design  necessary  to  allow  for  the  longer  bearings  and  for 
handling  the  motors  from  above.  Later  motors  have  the  pole 
centers  horizontal  and  vertical,  wdiich,  with  the  necessary  use 
of  thin  flat  field  coils,  gives  a  square  section  to  the  field  frame. 
This  frame  is  either  in  one  piece,  known  as  the  box  type,  with 
the  armature  bearing  housings  bolted  in  from  the  ends,  or  is 
divided  at  an  angle  of  45  degrees  from  the  horizontal,  with  the 


FIG.   3 — VIEW  OF   NO.    121,   QO-HORSE  POWER,  SOO-VOLT,  RAILWAY  MOTOR,  PINION  END 
SHOWING    MANNER  OF   SPLITTING  BEARINGS,  GEAR   CASE   SUPPORTS,   ETC 

bearing  housings  clamped  between  the  halves  of  the  frame  in  a 
manner  similar  to  that  of  the  small  type  motor  already  described, 
except  that  a  tongue  on  the  housing  fits  in  a  groove  in  the  seat  of 
the  frame.  This  groove  takes  the  end  thrust  and  keeps  the  bear- 
ings in  alignment. 

The  advantages  of  the  box  type  are  rigidity  of  frame  and 
perfect  alignment  of  bearings,  as  the  housings  are  bolted  against 
finished  heads  of  the  frame  with  a  cylindrical  shoulder  fitting 
into  the  frame. 
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A\'ith  the  s])lit  frame  motors  the  armature  may  be  removed 
while  the  motor  is  on  the  truck,  by  lifting  the  front  of  the  motor 
until  the  split  is  horizontal  when  the  upper  frame  can  be  raised. 

To  take  out  the  armature  of  a  box  type  motor,  the  motor 
must  be  removed  from  the  truck  and  the  armature  taken  from 
the  end  of  the  motor.  Either  type  of  motor  can  be  removed 
from  the  truck  by  removing  the  axle  caps. 

It  is  very  desirable  to  have  the  motor  frame  extend  well 
over  the  axle  with  the  caps  bolted  on  from  below.  This  relieves 
the  cap  bolts  of  practically  all  strains  and  prevents  motors  from 
dropping-.     See  Fig.  3. 

GEAR  CASE   SUPPORTS 

The  gear  case  must  ride  with  the  motor,  therefore,  it  must 
be  supported  from  the  end  of  the  motor  frame.     The  following 


FIG.    4 — VIEW    OF    NO.     lOTB,    40-HORSE    POWER,    50O-VOI.T.    RAM.W.Vy     MOTOR.    riNION 
END,    SHOWING  GE.^R  C.-VSE    SUPPORTS 

two  methods  are  now  in  general  use:  'Idie  tlirec-point  suspen- 
sion which  has  two  lugs  at  the  boUc^m  of  llie  upper  half  bolteil 
to  pads  on  the  motor  frame  and  a  tie  from  the  (op  of  the  case 
to  the  motor  frames.  In  lliis  type  the  case  is  carried  from  the  side 
and  thus  the  stresses  are  concentrated  in  the  pads  and  tapped  lugs. 
T'hc  second  method  is  shown  by  Figs.  4  and  5.  where  the  case  is 
supported  at  tlie  ends  u])on  two  horns,  which  are  cast  on  the  UK^lor 
frame.  Idiis  plan  divides  the  stresses  almost  e(|ually  through  the 
whole  case  and  ])revents  breaking,  and  by  its  simplicity  makes  possi- 
ble the  use  of  light  sheet  steel  cases. 
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FIELD    COIL   SUPPORTS 

Field  coils  .should  be  so  held  in  position  as  to  prevent  any 
chafing  against  the  poles  or  frame.  This  is  done  either  by  sup- 
porting the  coil  between  the  projecting  field  pole  tips  and  a 
heavy  flat  spring  which  rests  against  the  motor  frame  or  by 
bolting  the  coils  to  the  frame  by  means  of  special  hangers. 

ARMATURE  CONSTRUCTION 

All  railway  motor  armatures  are  subjected  to  enoi^ous 
strains,  owing  to  reversals,  broken  gears,  or  pinions  and  similar 


FIG.   5 — VIEW  OF   NO.    121,  QG-HORSE  POWER,   50O-VOLT,  RAILW.A.Y   MOTOR,   WITH   GEAR 

CASE  IN  POSITION 


causes.  The  armature  construction  must  be  very  rigid  to  meet 
these  strains,  with  all  parts  strong  and  thoroughly  locked  to- 
gether. There  are  two  types  of  construction  in  general  use. 
The  older  method  is  to  assemble  the  commutator,  the  armature 
heads  and  the  laminations  separately  on  the  shaft,  and  to  press 
them  in  position  from  the  commutator  end  and  hold  them 
in  place  by  a  heavy  nut  in  front  of  the  commutator.   A  modification 
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of  this  schernr  is  to  force  the  commutator  on  the  front  armature 
head.  In  case  it  is  necessary  to  remove  a  bent  or  broken  shaft  on 
the  latter  type  of  armature,  long  tap  bolts  are  passed  from  the  pin- 
ioi:  end  through  the  ventilating  ducts  in  the  laminations  and  screw- 
ed into  the  commutator  end  head  holding  all  parts  in  place.  On 
the  larger  sizes  of  motors  it  is  necessary  in  order  to  obtain  sufficient 
room  for  bearings,  to  carry  the  pinion  end  head  several  inches  into 
the  punchings. 

A  more  recent  construction  is  to  provide  a  one-piece  spider 
or  quill,  upon  which  all  parts  of  the  armature  are  built.  The 
shaft  is  pressed  and  keyed  in  this  spider.  This  construction 
makes  it  possible  to  remove  the  shaft  without,  in  any  way,  af- 
fecting the  different  parts  that  carry  the  winding.  As  bent  or 
broken  shafts  usually  occur  after  the  fibrous  portion  of  the  in- 
sulation is  brittle,  its  life  is  apt  to  be  materially  decreased  by 
strains. 

Great  care  must  be  used  in  getting  the  proper  fits  between 
the  laminations  and  the  shaft  or  spider  as  well  as  the  pressed 
tits  between  the  commutator,  spider  and  shaft.  A  chattering 
between  any  of  these  parts  produces  very  rapid  wear  and  is  diffi- 
cult to  stop. 

COMMUTATORS 

As  the  rating  of  any  motor  depends  on  its  temperature  rise,  or 
the  relation  of  its  losses  to  its  capacity  to  radiate  heat,  and  on 
its  commutating  capacity,  the  design  of  the  commutator,  both 
as  to  dimensions  and  numbers  of  bars  must  be  liberal.  Large 
diameter  is  important  in  that  it  allows  a  wider  brush  to  si>an 
the  allowable  number  of  bars  and  thus  decreases  the  current 
density  in  the  brush.  The  design  of  the  commutator  should  call 
for  sufficient  strength  in  the  steel  V-rings  and  in  the  copper 
bars,  at  least  one-sixteenth  inch  of  firm  built-up  mica  insulation 
on  the  V-rings,  a  close  fit  on  both  angles  of  the  V  and  a  strong 
tightening  and  locking  device.  The  latter  is  usually  a  ring  nut 
on  the  smaller  sizes  or  a  number  of  tap  bolts  between  the  front 
and  rear  V-rings  on  the  larger  sizes. 

nRUSH   HOLDERS 

The  brush  holder  design  and  construction  is  a  very  import- 
ant factor  in  determining  the  interval  between  inspections.  A 
successful  brush  holder  must  have:  insulation  with  large  creep- 
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ai^"C  distances  to  prevent  Hashing-  due  to  accuninlatinns  dI  dust, 
ri^-id  su[)port  and  pressure  fin<^ers  that  are  lioht  and  that  t^ive 
a])proximately  a  uniform  tension  over  the  working  range  of  the 
1)rush. 

d  he  insulation  recpiirements  are  best  met  by  the  use  of  mica 
tubes  niouhled  on  rods  which  are  either  pressed  in  iron  sockets 
or  elani])e(l  Ijctween  iron  Idocks.  ddie  part  of  the  surface  of  the 
mica  which  is  clamped  is  protected  l)y  sheet  metal  tubes  and 
tlie  part  between  the  holding  blocks  and  the  brush  holder  proper 
by  porcelain  rings.  This  leaves  porcelain  as  the  only  exposed 
insulation  surface. 

VENTILATION 

As  has  been  stated,  the  commutation  and  the  radiating  ca- 
pacity of  a  motor  determine  its  rating.  This  radiating  capacity 
can  be  greatly  increased  if  a  current  of  air  can  be  kept  passing 
through  the  armature  and  around  the  field  coils  where  the 
copper  and  iron  losses  occur.  This  current  may  be  cool  air 
drawn  froir;  openings  left  in  the  motor  frame,  or  it  may  simply 
be  a  circulation  of  the  internal  air  in  a  closed  motor  carrying  the 
heat  from  the  working  parts  to  the  inside  of  the  frame  and  thus 
increasing  the  outside  radiation.  This  circulation  is  induced  by 
the  rotation  of  the  armature  forcing  air  through  openings  lead- 
ing into  the  center  of  the  armature  at  the  pinion  end  and  out  through 
ducts  left  l^etwcen  the  ])unchings.  The  best  practice  is  to  keep 
the  ventilation  through  the  metal  part  of  the  armature  and  away 
from  the  insulation,  as  dust  is  ever  ready  to  lodge  in  any  crevice 
or  break  in  the  wrappings  on  the  conductors  and  cause  insula- 
tion break-downs.  The  decision  as  to  whether  outside  air  be 
admitted  to  the  motor  frame  is  best  decided  by  the  ability  of  the 
insulation  to  withstand  dust  and  the  amount  to  be  expected 
from  the  brakes  or  the  track.  Openings  are  provided  in  the 
pinion  end  of  most  modern  motors  either  directly,  for  the  en- 
trance of  air,  or  for  the  air  and  the  drip  of  the  oil  from  the 
bearings.  The  exhaust  is  either  through  similar  openings  in  the 
commutator  end  or  through  perforations  in  the  commutator 
cover.  \Vith  properly  sealed  windings  and  the  modern  brush- 
holder  insulation,  neither  of  which  is  affected  by  dust,  the  in- 
creased life  of  the  insulation  due  to*  the  lower  temperatures  ob- 
tained by  ventilation  will  justify  its  use.  On  large  locomotive 
motors,  air  blasts  are  obtained  by  means  of  blowers  in  the  cab. 
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INSULATION 

Cotton,  fibrous  material,  asbestos,  mica,  paints  and  gums  or 
varnishes  comprise  the  materials  used  in  railway  motor  insula- 
tion. With  the  exception  of  asbestos  and  mica  all  become  more 
or  less  brittle  and  charred  when  subjected  to  continuous  tem- 
peratures of  loo  degrees  C.  For  this  reason  65  to  90  degrees  C.  has 
been  set  by  practical  experience  as  the  highest  temperature  at 
which  the  motor  windings  can  be  safely  operated  in  service.  A 
load  which  gives  a  temperature  rise  of  75  degrees  C.  above  the 
air  by  thermometer  on  shop  test  Vvill  give,  wdien  in  service,  a 
temperature  within  these  limits,  owing  to  the  better  ventilation 
under  a  moving  car.  The  temperature  rating  of  a  railway  motor 
is  arbitrarily  based  on  the  load  it  will  carry  for  one  hour  with  a 
temperature  rise  of  75  degrees  C,  as  measured  by  a  ther- 
mometer. 

Armature  Insulation — On  wire  wound  armatures,  which  are 
those  requiring  more  than  one  turn  per  coil  to  obtain  the  neces- 
sary counter-electromotive  force  to  give  the  speed  desired,  cot- 
ton covered  wire  has  been  and  still  is  used.  It  is  not  possible  as 
}  et  to  obtain  on  the  market  a  wire  with  a  strong  or  tough  as- 
bestos or  fireproof  insulation  of  a  sufficiently  small  section  at  a 
cost  which  will  warrant  its  general  use.  With  the  use  of  cotton 
covered  wire,  there  is  no  advantage  in  tlu-  use  of  a  mica  wrapper 
except  where  space  is  of  great  importance.  I'hc  outsitle  insula- 
tion of  wire  wound  coils  therefore  usually  consists  of  a  cell  or 
wrapper  of  treated  paper  or  cloth  over  the  portion  of  the  coil  in 
the  slot  with  one  or  more  o\erlap])ing  layers  of  tape  over  the 
whole  coil.  The  tape  can  l)e  applied  after  treatment  with  an 
insulation  compound  or  the  unfilled  cotton  fibre  can  be  applied 
dry  and  filled  when  in  place  by  repeated  dippings  in  the  compounds, 
an  oven  drying  following  each  dipping.  The  latter  method  allows 
the  free  fibre  of  the  tape  to  adjust  itself  to  the  form  of  the  coil  and 
gives  a  perfect  seal  which  prevents  the  entrance  of  dust  between 
the  layers  of  tape.  Where  more  than  one  coil  per  slot  is  used,  spac- 
ing strips  can  be  used  between  the  wires  of  adjacent  coils.  The  (hip- 
ping which  the  finished  coil  receives  also  fills  the  C(M1'Mi  wrapping 
on  the  wire. 

The  large  type  of  armatures  are  wnmnd  with  copper  strap 
with  but  a  single  turn  per  coil.  This  allows  o\  a  heat  resisting 
insulation  applied  either  as  a  mica  tape  of  a  good  many  layers 
or  bv  a   judicious  use  of  mica   wrai)]KM-s  both   built    up  (Ui   tliin 
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paper.  Even  with  this  construction  a  cotton  outside  taping-  must 
he  used,  and  temperatures  must  not  he  attained  which  will  in- 
jure this  as  the  mica  will  then  loosen,  due  to  the  constant  vibra- 
tion. 

Field  Coil  Insulation — ^The  space  limitations  and  the  less 
severe  service  and  winding  strains  allow  of  the  use  of  more 
bulky  asbestos  and  cotton  covered  wire  on  the  smaller  field  coils 
in  place  of  the  cotton  covered  wire  used  on  armature  coils.  Each 
layer  of  wire  is  treated  with  a  filling  and  insulating  compound 
while  winding,  which  helps  to  bind  the  wires  together,  and,  as 
this  compound  is  not  afifected  by  the  maximum  temperatures 
which   the   coil    will    attain    even    when   the    cotton    in    the    center 


FIG.   6 — VIEW  OF   NO.    lOIB  ARMATURE,   SHOWING   METHOD   OF  BANDING 

of  the  coil  is  charred,  it  holds  the  asbestos  in  place  and  prevents 
the  turns  coming  together. 

In  a  great  number  of  motors  of  even  the  latest  design,  the 
above  method  is  used  except  that  no  compound  is  used  when 
winding,  but  the  completed  coil,  after  having  part  of  the  outside 
taping  applied,  is  thoroughly  impregnated  with  a  gum  by  the 
vacuum  process  which  insures  perfect  drying  and  filling. 

On  the  later  types  of  Westinghouse  motors  the  field  coils  are 
wound  in  sections  of  copper  ribbon,  one,  two,  or  four  sections 
comprising  a  complete  coil.  An  asbestos  ribbon  is  wound  in  be- 
tween the  straps.  The  separate  sections  of  a  single  coil  are  as- 
sembled with  an  asbestos  and  mica  strip  between  and  the  whole 
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coil  is  impregnated  as  above.  With  this  form  of  coil  the  whole 
interior  is  fireproof.  In  case  of  injury  to  a  strap  wound  coil,  only 
the  injured  turns  need  be  rewound  as  there  is  no  weakening  of 
the  insulation  on  the  remainder  of  the  turns  as  in  case  of  the 
asbestos  and  cotton  wire.  The  wire  wound  coil  when  not  opened, 
will  stand  quite  severe  internal  overheating,  but  if  the  arrange- 
ment of  wires  is  interfered  with,  as  would  be  necessary  in  mak- 
ing repairs,  the  insulation  will  crumble  away,  making  it  neces- 
sary to  reinsulate  and  rewind  the  whole  coil. 

ARMATURE   WINDING  AND   BANDING 

All  wire  wound  railway  armatures  have  two  or  more  turns  per 
coil  and  usually  three  coils  per  slot.  The  coils  which  lie  in  the  same 
slots  are  assembled  and  insulated  together.  This  makes  it  necessary 
to  finish  the  winding  by  reaching  the  lower  portions  of  the  coils 
which  lie  in  as  many  slots  as  comprise  the  throw  or  spread  of  a 
coil  in  under  the  upper  portions  of  the  coils  which  lie  in  these 
slots.  This  is  done  without  injury  to  the  more  flexible  wire 
wound  coils,  but  with  the  less  flexible  strap  wound  coils,  which 
usually  consist  of  from  three  to  five  single  coils  per  slot,  this  would 
be  difficult.  For  this  reason  and  also  to  facilitate  repairs,  the  strap 
coils  are  almost  universally  divided  at  the  rear  of  the  armature, 
the  joint  being  made  by  a  clip.  As  a  great  part  of  the  armature 
coil  troubles  occur  at  the  surface,  repairs  can  be  made  by  sinipl\- 
removing  the  injured  upper  halves. 

In  order  to  distribute  the  strain  of  the  band  over  a  consider- 
able portion  of  the  coil  in  the  slot  and  to  protect  the  coil 
from  injury  at  the  surface,  a  fibre  wedge  or  strip  is  placed 
above  the  coil  in  the  slot.  This  strip  should  extend,  even  when 
the  coil  is  firmly  driven  in  the  slot,  slightly  above  the  surface  of 
the  banding  groove,  so  that  there  will  be  no  chance  of  the  coils 
being  loose  in  the  slots.  Looseness  will  cause  chafing  and 
eventually  insulation  breakdown. 

In  banding,  a  very  strong  well  tinned  steel  wire,  of  sizes 
varying  from  14  to  17  B.  &  S.  guage,  should  be  used.  A  fibrous 
strip  at  least  .02  inch  thick  should  be  placed  immediately  below 
the  bands  on  the  end  windings.  Tinned  sheet  steel  clips  should 
be  placed  not  more  than  3  inches  apart  under  the  bands,  ami  the 
ends  which  are  doubled  over  the  bands  should  be  well  filled  with 
solder  after  the  complete  band  is  sweated  full  of  solder.  The  ar- 
rangement of  bands  on  standard  armatures  is  well  shown  by 
Figs.  6  and  7. 


78  TIIR  ELRCTRJC  JOURNAL 

]!i:arings  and  shafts 

The  i)rcsent  standard  sizes  of  shafts  and  1)earings  are  the  result 
of  actual  service  experience  rather  than  theoretical  calculations,  or 
rather  the  factors  have  been  greatly  increased  after  experience  with 
the  heavy  strains  due  to  reversing,  flashing  and  l)rokn  gears  or  pin- 
ions. Several  years  of  service  with  the  present  sizes,  which  are 
given  in  all  motor  trade  circulars,  indicate  that  no  further  increase 
will  be  necessary. 

The  best  grades  oi  babbitt  have  proven  themselves  the  most 
desirable  metal  for  armature  bearing  linings.  On  all  of  the  larger 
motors  and  some  of  the  smaller  ones  a  lining  from  three-thirt}- 
seconds  to  one-sixteenth  of  an  inch  thick  is  soldered  to  the  inside  of 


FIG.    7 — VIEW   OF    NO.    T2T    ARMATURE,    SHOWING    METITOP   OF   BANIItNG 

a  finished  bronze  shell.  In  case  the  babbitt  lining  should  become 
overheated  and  melt,  the  armature  would  still  be  carried  above  the 
pole  pieces  by  the  brass  shell.  On  some  of  the  smaller  motors,  ow- 
ing to  the  remarkable  efficiency  of  the  lubrication  used  and  the  diffi- 
culties involved  in  resoldering  a  bearing,  especially  in  the  smaller 
shops,  a  cast  iron  shell  with  numerous  cored  anchor  pockets  is  used 
W'ith  a  three-sixteenth  inch  lining  of  babbitt.  This  method  gives  a 
longer  life  to  the  bearing.  The  seats  of  the  motor  bearings  are  com- 
monly bored  with  centers  one-thirty-second  of  an  inch  above  the 
pole  centers  so  as  to  give  greater  wear  to  the  bearings. 

The  axle  bearings  are  usually  the  same  as  the  motor  bear- 
ings  on    any    motor   except    on    the    larger   sizes.      Unbabbitted 
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bronze  shells  are  sometimes  used  and  malleable  iron  is  substi- 
tuted for  the  cast  iron  shells. 

LUBRICATION 

In  laxing-  out  a  bearing  for  oil-saturated  waste  lubrication, 
the  two  most  important  features  to  be  considered  are :  first 
to  so  shape  the  waste  reservoir  that  the  waste  cannot  fall 
away  from  the  journal  owing  to  gravity  and  to  the  constant 
vibration  of  the  motor;  and,  second,  to  provide  for  carrying  and 
measuring  the  oil  supply  below  the  lowest  point  of  contact  of  the 
waste  with  the  shaft.  The  separate  armature  bearing  housing 
provides  ample  space  for  complying  with  these  requirements. 
With  separate  housings  for  the  armature  bearings,  a 
deep  waste  reservoir  may  be  used,  extending  several  inches 
above   the   shaft,   with   the   waste    in   contact   with   the   shaft   at 


FIG.   8 — VIEW   OF    NO.    121,   QO-HORSE   POWER,    50O-VOLT,   R.MLW.W    MOTOR,    SHOWING 
METHOD  OF  RRINCIINT.  OUT  LEADS,  LOCATION  OF  COVERS.  ETC 

the  low  pressiu'e  side.  This  arrangement  keeps  the  waste  from 
falling  away  with  ciinse((uent  loss  of  lubrication.  With  the 
proper  shape  and  size  of  waste  reservoirs,  a  very  small  ([uantity 
of  oil  is  needed  lo  give  good  lubrication,  (^n  one  road  where  this 
type  of  motor  is  being  used,  each  bearing  is  given  two  or  three 
tablespoons  full  of  oil  e\er\-  fifth  night.  The  wear  on  these 
bearings  after  a  year's  ser\icc  has  been  \ery  slight.  'Ihese  re- 
sults arc  possilile  only  where  the  depth  of  pocket  is  sufficient  to 
allow  the  full  oil  le\  el  to  lie  from  one  and  one-foiu'th  inches  to 
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two  and  one-half  inches  below  the  opening  which  communicates 
with  the  shaft.  With  a  higher  oil  level  the  feed  is  greater  than 
the  bearing  demands.     This  of  course  prevents  good  oil  economy. 

In  order  to  obtain  the  most  economical  use  of  oil,  the  oil 
level  in  the  waste  should  l)e  just  enough  below  the  lowest  point 
of  contact  of  the  waste  with  the  shaft  to  give  the  feed  required. 
This  level  can  be  determined  by  careful  observation  of  any 
motor  in  service,  after  which  it  can  easily  be  maintained  by 
gauging  the  wells  before  oiling. 

The  oil  and  waste  to  be  used  should  be  of  similar  grades  to 
those  used  by  the  steam  roads  for  car  journal  lubrication  and 
should  be  prepared  in  the  same  manner.  Before  packing  the 
waste  should  be  immersed  in  oil  for  48  hours,  then  the  threads 
pulled  apart,  forming  soft  springy  balls. 

The  openings  in  the  bearing  shells  are  usually  from  55  per 
cent,  to  70  per  cent,  of  the  total  length  of  the  shell  and  from  70 
degrees  to  go  degrees  wide. 

MOTOR  SUSPENSION 

On  the  smaller  sizes  of  motors,  the  latest  practice  is  to  suspend 
the  motor  at  the  front  by  means  of  a  heavy  bar  which  is  bolted  to 
tlie  motor  and  supported  by  springs  at  each  end  on  the  truck  frame. 
On  the  larger  type  there  is  a  heavy  lug  cast  on  the  motor 
which  rests  on  the  truck  transom  and  is  held  in  place  by  means 
of  a  U-shaped  clamp. 

DETAILS 

There  are  a  great  many  details  such  as  the  manner  of 
bringing  out  the  leads,  the  shape,  location  and  latching  of  in- 
specting covers,  that  must  be  arranged  to  suit  the  conditions  of 
the  service  on  which  the  motors  are  to  be  used. 


Note — The  denominator  of  formula  (2)  given  in  the  January  issue  at 
the  end  of  the  article  on  Electric  Railway  Engineering  slijhould  read^  375  in_-~ 
stead  of  0.375  as  printed. 


INDUCTION  IN  TRANSMISSION  CIRCUITS 

AN  ELEMENTARY  CONSIDERATION  OF  THE  PHYSICAL  BASIS  UNDERLYING 

SELF  INDUCTION  AND  MUTUAL  INDUCTION* 

CHAS.  F.  SCOTT 

Adclinite  understanding  of  the  physical  relations  between  cur- 
rent, the  field  produced  by  the  current  and  the  electromotive 
force  induced  by  the  field  in  parallel  circuits    is  essential  to 
clear  ideas  regarding  self  induction  and  mutual  induction. 

(i.)  Current  flowing  in  a  straight  wire  induces  a  magnetic 
field;  the  lines  of  force  are  circular  and  surround  the  wire.  The 
density  of  the  field  is  greatest  at  the  surface  of  the  wire  and  at  more 
distant  points  it  varies  inversely  as  the  distance  from  the 'center  of 
the  wire. 

The  field  surrounding  a  wire  carrying  current  is  represented  in 
Fig.  I.  The  circles  are  close  together  near  the  wire  where  the  den- 
sity of  field  is  greatest. 

A  curve  showing  the  relative  density  of  the  magnetic  field  sur- 
rounding the  wire  at  different  distances  is  given    in  Fig.  2.     In  this 

curve  the  density  at  the  surface 
of  the  wire  is  100;  at  a  distance 
from  the  center  equal  to  twice 
the  radius,  the  density  is  one- 
half  as  great,  or  50;  at  four 
times  the  radius,  it  is  25  ;  at  five 
times,  20;  at  ten  times.  10;  and 


so  on. 

(2.)  The  field  density  at  the 
surface  of  wires  of  different 
diameters  carrying  the  same 
current  is  inversely  proportional 
to  their  radii ;  e.  g.,  if  the 
FIG.    I— M.\GNiiTic   FIELD   SURROUNDING  dcnsity    at    tile    surfacc    of    a 

A    CURRENT-CARRYING    WIRE  gj^g^      ^[^q      Js      5,      that      at      the 

surface  of  a  wire  of  half  the  radius  is  lo. 

The  field  density  produced  at  equal  distances  from  the  centers 
of  wires  of  different  diameters  carrying  equal  currents  is  independ- 
ent of  their  diameter,  consideration  being  given  to  the  field  external 

*A  lecture  before  The  Elcolrio  Club,  and  one  of  several  .articles  to 
appear  in  the  Journal  dealing  with  the  characteristics  of  transmission  cir- 
cuits. The  fust  article  in  the  scries  was  published  in  the  December.  1905, 
issue. 
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to  the  wires  themselves.  Thus,  if  two  wires,  one  of  whieh  has  one- 
fourth  inch  and  the  other  one-tenth  inch  rachus,  carry  equal  cur- 
rents, the  strength  of  the  field  at  one-half  inch  or  any  greater  dis- 
tance from  the  center  of  one  of  the  wires  is  equal  to  that  at  the  same 
distance  from  the  center  of  the  other  wire.  Diagrams  showing  this 
relation  are  given  in  Fig.  3. 

(3.)  The  total  field  lying  hetween  the  surface  of  the  current- 
carrying  wire  and  a  distant  parallel  line  is  proportional  to  the  area 
of  the  curve  shown  in  Fig.  2,  measured  from  the  surface  of  the  wire 
to  the  line.  If  the  radius  of  the  wire  he  taken  as  unity  then  the 
total  field  between  the  surface  of  the  wire  and  a  parallel  line 
which  is  distant  2  units  from  its  center  is  proportional  to  the  area 
between  the  curve  and  the  base  line,  measured  between  vertical 
lines  at  the  surface  of  the  wire  and  at  distance  2.     This  area    con- 
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FIG   2 — CURVE    OF    DENSITY    OF    MAGNETIC    FIELD    PRODl'CED    BY    CURRENT    IN    A 

STRAIGHT     WIRE.       ON      HORIZONTAL     SCALE     THE     RADIUS    OF 

WIRE     EQUALS     ONE 

tains  approximately  69  small  squares.  If  the  parallel  line  be  at  a 
distance  of  3  from  the  center  of  the  wire,  the  area  is  seen  to  be  no 
squares. 

Instead  of  measuring  the  areas  in  this  curve  it  is  convenient  to 
construct  a  second  curve  which  will  show  at  once  the  value  of  the 
area  in  the  curve  Fig.  2,  included  between  the  surface  of  the  wire 
and  a  line  at  any  distance  from  it.  Such  a  curve  is  given  in  Fig.  4. 
In  this  curve  the  value  of  the  ordinate  at  2  on  the  base  line  is  69, 
which  is  the  area  of  the  curve  in  Fig.  2  as  above  described.  The 
ordinate  at  3  is  no.  The  value  of  the  ordinate  at  any  point  on  the 
base  in  Fig.  4  is  equal  to  the  area  of  the  curve  to  the  same  point 
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in  Fig.  2.    It  may  be  noted  that  the  curve  in  Fig.  2  is  an  hyperbola, 
and  that  in  Fig.  4  is  the  logarithmic  curve.  The  curve  in  Fig.  5  is 
the  same  as  that  in  Fig.  4.  but  the  scale  is  different.     These  curves 
possess  some  interesting  properties,  which  will  be  discussed  later. 
(4.)      If  the  field  be  produced  by  an  alternating  current,  an 

e.  m.  f.  will  be  induced 
in  any  secondary  circuit 
located  in  the  field  in 
such  a  position  that  the 
lines  of  force  pass 
through  it.  Thus,  if 
two  wires  lying  parallel 
with  the  wire  carrying 
current  and  at  different 
distances  from  it,  are 
connected  together  at 
their  respective  ends 
they  will  constitute  a 
secondary  circuit  in 
which  an  e.  m.  f.  will 
be  produced  w  h  i  c  h  is 
pro])ortional  to  the  total 
field  passing  through  it. 
The  total  field  is  de- 
pendent upon  the  posi- 
tion of  the  secondary 
circuit  with  respect  to 
the  c  u  r  r  e  n  t-carrying 
wire,  and  is  pro  p  o  r- 
tional  to  the  current 

I-IG.  3 — CLKVE  UF  IJEXSITV  OF  MAGNETIC  FIELDS  StrCUgth.  tllC  frCqUCnCV 
PRODUCED  BY  EQUAL  Cl'RRENTS  IN  SMALL  WIRE  j^j^(-|  ^^jj^  length  of  lllO 
AND    IN    LARGE    WIRE  .  '^ 

.,.,       ....  ...  Wires. 

I  he    tlcnsity    is    tlir    same    at    equal    distances  .      . 

fn^iii   the  center  prcn  ided  the  distance   is  great-  (SO       ^^     *-^'^^^     *^^^     ^'^^ 

er  tlKin  tlic  radins  of  the  larger  wire.  secondary    wires    bo 

placed  at  the  surface  of  the  conductor  carrying  current  and  the 
other  at  a  distance  from  it.  the  total  induction  in  the  secondary  cir- 
cuit citrrespotuliiig  t<>  (lilTcrent  positii^ns  of  its  roturn  wire  may  bo  de- 
termined from  the  area  of  the  curve  in  l-'ig.  2  measured  out  to  the 
return  wire,  or  from  the  ordinate  in  the  curve  in  Fig.  4  at  the 
position  of  the  roturn  wire. 
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It  will  be  found  that  if  the  secondary  return  wire  be  moved  so 
that  the  distance  is  doubled  there  is  a  certain  definite  increase  in 
the  e.  m.  f.  which  is  independent  of  the  absolute  values  of  the  dis- 
tance. Thus,  a  movement  of  the  wire  from  a  distance  3  from  the 
center  to  a  distance  6  produces  the  same  increase  as  a  movement 
from  6  to  12,  or  from  10  to  20,  or  from  15  to  30.  Moreover,  the 
amount  of  this  increase  may  be  found  by  dividing  the  greater  dis- 
tance by  the  less  (which  gives  2  in  this  case)  and  finding  from  the 
curve  the  value  when  the  wire  is  placed  at  this  distance  (in  the  pres- 
ent case  at  a  distance  2  times  the  radius  from  the  center).  An  ex- 
amination of  the  curve  shows  that  the  value  at  2  is  69,  and  also  that 
the  difference  between  the  values  at  6  and  3.  or  at  <So  and  at  40,  etc., 
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FIG.   4 — CURVE   OF  TOTAL  FIELD   PRODUCED  BY   CURRENT   IN   A    WIRE,    MEASURED 
FROM    SURFACE   OF   WIRE   TO  DIFFERENT  DISTANCES   FROM   ITS   CENTER 


is  69.  This  ordinate  at  6  is  179  and  that  at  3  is  no  and  the  differ- 
ence is  69 ;  the  ordinate  at  80  is  437  and  that  at  40  is  368,  and  the 
difference  is  69.  If  the  wire  be  moved  successively  by  a  distance 
which  is  in  a  geometrical  ratio  (e.  g.,  if  each  movement  doubles  or 
trebles  or  quadruples  the  distance)  each  movement  produces  an 
equal  increment  in  the  e.  m.  f. 

If,  in  a  given  case,  a  change  in  position  of  the  return  wire 
from  a  distance  of  i  inch  to  10  inches  causes  an  increase  of  e.  m.  f. 
of  I  volt,  so  likewise  will  a  change  from  i  foot  to  10  feet,  or  10 
feet  to  100  feet  cause  a  like  increase,  and  furthermore,  i  volt  is  the 
e.  m.  f.  induced  when    the  return  wire  is  at  a  distance  10  from  the 
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center  of  the  current-carrying  wire  (i.  e.,  a  distance  of  lo  times  the 
radius  of  that  wire).  - 

(6.)  In  the  foregoing-  cases,  one  side  of  the  secondary  circuit 
is  assumed  to  be  at  the  surface  of  the  current-carrying  wire.  If  it 
be  at  a  distance  from  the  wire  the  induction  through  the  secondary 
circuit  and  consequently  the  electromotive  force  in  it  may  be  found 
from  the  same  curves.  The  induction  in  the  secondary  circuit  is 
proportional  to  the  area  of  the  curve  measured  between  the  two 
sides  of  the  secondary  circuit.  Thus  if  one  of  the  secondary  wires 
be  at  a  distance  5  and  the  other  at  a  distance  10  from  the  center  of 
the  current-carrying  wire,  the  area  in  Fig.  2  is  to  be  measured  be- 
tween these  two  points.  It  is  likewise  obtainable  from  Fig.  4.  by 
taking  the  difference  between  the  ordinates  at  10  and  at  5.      This 
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FIG.    5 — CCRVE    SHOWN    IN    FIG    4   EXTICNDED   TO    INCIA'DIC 
GREATER   DIST.\NCES 

difference  has  the  same  value  fur  any  two  distances,  one  of  which  is 
double  the  the  other.  Likewise,  if  the  distance  of  one  secondary 
wire  be  n  times  the  distance  of  the  other  from  the  current-carrying 
wire,  the  induclidu  in  the  secondary  circuit  is  the  same,  whatever 
be  the  absolute  value  of  ;/.  T'^or  example,  the  induction  (and  conse- 
quently the  c.  m.  f.  in  the  secondary  circuit)  is  the  same,  proviiled 
one  of  its  sides  is  foiu"  times  as  far  fi-oin  the  current-carrying  wire 
as  is  the  other  side,  independent  of  the  absohite  distances,  which  may 
be  I  inch  and  4  inches,  or  15  inches  and  ()0  inches,  or  2  feet  and  S 
feet. 
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(7.)  The  foregoing  law  holds  whether  the  three  wires  are  in 
the  same  or  different  planes.  This  follows  ironi  the  fact  that  the 
field  as  shown  in  Fig.  i  is  circular.  The  induction  lying  between  the 
current-carrying  wire  and  a  second  wire  a  foot  from  it  is  obvious- 
ly unaffected  by  the  angular  position  of  the  second  wire  which  lies 
on  the  circle  of  one  foot  radius.  If  the  current-carrying  wire  and 
one  of  the  secondary  wires  lie  in  a  horizontal  plane,  the  other  sec- 
ondary wire  whatever  its  position  may  be  imagined  to  be  revolved 
in  a  circle  about  the  current-carrying  wire  into  the  horizontal  plane 
without  changing  its  effective  position  in  the  field.  Consequently 
as  the  ratio  of  the  distances  of  the  two  secondary  wires  from    the 

current-carrying  wire 
is  the  essential  thing 
it  is  i  m  m  a  t  e  r  i  a  1 
whether  or  not  the 
wires  are  in  the  same 
plane. 

(8.)  So  far,  but 
one  current-carrying 
wire  has  been  consid- 
ered. The  return  wire 
carrying  current  also 
produces  in  the  sec- 
ondary circuit  an  induction  and  an  e.  m.  f.  which  can  be  found  from 
the  curves  in  the  manner  above  described.  The  resultant  e.  m.  f. 
is  either  the  sum  or  the  difference  between  those  produced  by  the 
two  current-carrying  wires.  If  the  secondary  wires  lie  between  the 
current-carrying  wires,  as  in  Fig.  6,  then  the  resultant  is  found  by 
addition,  as  the  field  on  the  left  side  of  a  current  flowing  in  one  di- 
rection is  in  the  same  direction  as  that  produced  on  the  right  side 
of  an  opposite  current. 

In  Fig.  6  the  density  of  the  field  produced  by  the  current-carry- 
ing wires  is  plotted  in  curves  similar  to  that  in  Fig.  2.  The  total 
induction  lying  between  the  two  secondary  wires  is  found  by  add- 
ing together  the  areas  of  the  portions  of  the  two  curves  which  lie 
between  the  secondary  wires.  In  accordance  with  the  method 
which  has  already  been  described,  these  areas  may  be  obtained  by 
using  the  curve  in  Fig.  4. 

If  the  two  current-carrying  wires  lie  close  together  as  is 
shown  in  Fig.  7  then  the  resultant  field  produced  between  the  two 
secondary  wires  is  the  difference  between  the  fields  produced  by  the 


FIG.-  6 — CURVES  SHOWING  DENSITY  OF  FIELD  WITH- 
IN SECONDARY  CIRCUIT  C-D,  PRODUCED  BY  CUR- 
RENT IN   CIRCUIT  A-B 
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current-carrying-  wires  independently  for  the  reason  that  the  sec- 
ondary wires  He  to  the  right  of  both  of  the  current-carrying  wires 
and  as  the  currents  in  them  are  opposite  in  direction,  the  fields  pass- 
ing through  the  secondary  circuit  are  likewise  opposite  in  direction. 
Each  part  of  the  induction  may  be  determined  either  by  the  use  of 
the  curve  in  Fig.  2  or  that  in  Fig.  4. 

In  Fig.  8,  A  and  B  are  the  wires  of  a  circuit  carrying  current. 
The  induction  in  a  second  circuit,  C  and  D,  produced  by  current 
in  A  may  be  found  from  the  curve  in  Fig.  2  by  measuring  the  area 
between  two  points  on  the  base  located  at  distances  proportional 
to  the  distances  of  C  and  D  from  the  center  of  the  current-carrying 
wire.     If  the  ratio  of  the  distance  a  to  ^  is  as  7  to  15,  then  the  area 

may  be  measured  between  7 
and  15.  Or,  the  curve  in 
Fig.  4  may  be  used,  as  the 
efifect  in  the  secondary  cir- 
cuit is  represented  by  the  dif- 
ference between  the  ordinates 
at  7  and  15  (or  any  other 
two  points  whose  distances 
f  r  o  m  t  h  e  current-carrying 
wire  are  in  the  same  ratio, 
such  as  14  and  30,  or  3^  and 
7^).  Likewise  the  effect  in 
the  secondary  circuit  due  to 
the  other  return  wire,  may  be 
f<nmd  b\'  means  of  the  dis- 
tances c  and  (/  of  the  secondary  wires  from  it.  The  resultant 
induction  in  the  circuit  is  the  sum  or  dififerencc  of  the  ef- 
fects produced  by  tlie  individual  primary  wires.  inspeclicui 
of  the  arrangement  of  the  wires  in  iMg.  S  (as  well  as  in  bigs. 
6  and  7)  shows  that  if  the  secondary  wire  which  is  nearer  lo  prim- 
ary wire  ./  is  also  nearer  to  primary  wire  H  than  is  the  olher  sec- 
ondary wire,  the  resultant  in  the  secondary  circuit  is  the  dilterenee 
between  the  individual  effects  ;  and  otherwise  it  is  the  sum. 

(9.)  If  the  two  secondary  wires  shown  in  Fig.  (>  be  moved 
apart  the  induction  between  them  will  increase.  If  they  be  moveil 
to  the  surfaces  of  the  two  current-carrying  wires  then  they  will  in- 
chule  the  total  induction  between  these  two  wires.  It  the  current- 
carrying  wires  be  imagined  to  be  hollow  and  the  secondary  wires 
be  placed  at  their  centers  then  the  secondary  circuit   will    include 


FIG.  7 — CURVES  SHOWING  DENSITY  OF  FIELD 
WITHIN  SECONDARY  CIRCUIT  C-D,  PRO- 
DUCED BY  CURRENT  IN   CIRCUIT  A-B 
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the  total  induction  lying  between  the  current-carrying  wires  and 
also  between  the  centers  and  their  surfaces.  The  strength  of  the 
latter  field  may  be  considered  as  proportional  to  the  distance  from 
the  center.  The  conditions  are  therefore  represented  by  a  triangle 
as  shown  in  Fig.  9. 

The  secondary  circuit  located  at  the  centers  of  the  current- 
carrying  wires  occupies  the  same  position  as  the  current-carrying 
wires  themselves.  Consequently  an  equal  c.  m.  f.  is  jiroduccd  in  the 
original  or  primary  circuit,  as  is  produced  in  the  secondary  circuit 
which  occupies  the  same  position.  Consequently  the  e.  m.  f.  which 
the  circuit  induces  in  itself,  which  is  called  the  e.  m.  f.  of  self-in- 
duction, is  a  particular  case  of  the  induction  produced  by  one  cir- 
cuit upon  another,  which  is  termed  mutual  induction. 

The  self-induction  of  the  circuit  may  be  determined  by  means 
of  the  curve  in  Fig.  2  or  the  curve  in  Fig.  4  by  using  these  curves 

to  determine  the  total  induc- 
tion lying  between  the  sur- 
face of  each  wire  and  the 
center  of  the  other  wire.  To 
this  must  be  added  the  area 
of  the  triangles  representing 
the     induction     between     the 

FI.      8 -DIAGRAM      SHOWING      MEASURE-  ^  j    ^|         SUrfaCC    of    the 

MENTS        NECESSARY       TO        CALCULATE 
E.    M.    F.    INDUCED    IN    SECONDARY    CIR-  wirCS. 

cuiT  C-D  BY  CURRENT  IN //-5  .^^    ^^^^     inductiou    dciisity 

at  the  surface  of  a  wire  is  inversely  proportional  to  its  diameter,  it 
follows  that  if  the  diameter  be,  say,  twice  as  great,  the  height  of 
tlie  triangle  representing  the  field  in  the  wire  is  half  as  great  and 
the  base  of  the  triangle  is  doubled.  The  area  is  therefore  unchanged 
Consequently  the  value  of  the  total  field  within  a  wire  is  independ- 
ent of  its  diameter. 

(10.)  If  the  size  of  the  wire  be  increased  and  the  distance  be- 
tween the  two  sides  of  the  circuit  be  held  constant,  then  the  induct- 
ion lying  between  the  two  wires  is  reduced  because  there  is  less  dis- 
tance between  the  surfaces  of  the  wires.  If  in  Fig.  2  the  size  of 
wire  be  doubled  then  the  area  of  the  curve  between  the  points  i  and 
2  on  the  base  line  disappears  and  the  field  external  to  the  larger  wire 
is  represented  by  the  curve  beyond  the  point  2.  The  fields  due  to 
equal  currents  in  conductors  of  different  sizes  are  shown  in  Fig.  9. 
If,  however,  the  two  larger  wires  be  separated  by  twice  the 
distance  so  that  the  ratio  between  distance  and  diameter  is  constant 
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then  the  induction  between  the  wires  is  the  same,  because  the  area 
added  by  the  separation  of  the  wires  just  compensates  for  the  re- 
duction in  area  near  their  surfaces.  Thus,  if  in  Fig.  2  the  second 
wire  be  initially  at  a  distance  5  from  the  first  ware  and  the  size  of 
wire  then  be  doubled  and  the  distance  doubled,  the  area  between 
I  and  2,  which  is  equal  to  69,  will  disappear  and  there  will  be  added 

a  new  area  between 
points  5  and  10  which 
will  likewise  be  found 
to  be  69. 

For  equal  currents 
therefore  the  e.  m.  f. 
o  f  self-induction  i  s 
constant  for  wires  of 
different  sizes  pro- 

V  i  d  e  d  the  distance 
between  the  wires  be 
proportional  to  the 
diameter.      It    is    ob- 

V  i  o  u  s  from  an  in- 
spection of  the  curves 
and  figures  that  a 
change  in  the  dia- 
meter of  the  current- 
carrying  wire  does 
not  affect  the  e.  m.  f. 
induced  in  other  cir- 
cuits, also  that  the 
e.  m.  f.  induced  in  a 
circuit  by  its  own 
ciuM'cnt  does  depend 
upon  the  diameter  of 
the  wires  if  the  dis- 
tance b  e  t  w  e  e  n  the 

wires  is  constant.  If  the  wires  are  close  togetlier  this  difference 
may  be  considerable.  If  the  wires  are  widely  separated  then  a 
change  in  diameter  produces  a  relatively  small  effect  in  the  e.  m.  f. 
(11.)  The  foregoing  facts  regarding  the  c.  m.  f.  induced  by  a 
current  in  its  own  circuit  and  in  adjacent  parallel  circuits  have  been 
deduced  from  the  simple  fundamental  law  that  a  field  outside  of  a 
conductor  is  inversely  proportional  in  s'.rength  to  its  distance  from 


FIG.  9 — CURVE  OF  DENSITY  OF  MAGNETIC  FIELnS 
WITHIN  AND  WITHOUT  A  SMALL  WIRE  AND  A 
LARGE  WIRE 
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the  center  of  the  coiuhictor,  and  that  the  field  within  a  wire  is  (U- 
rectly  proportional  to  the  distance  from  the  center.  Many  of  the 
conclusions  which  have  been  drawn  may  be  more  simply  express- 
ed by  formulae  or  the  results  may  be  expressed  in  the  fftrm  of 
tables.  It  is  useful,  however,  to  have  a  clear  understanding  of  the 
laws  upon  wdiich  the  formulae  and  tables  are  based.  A  study  of  the 
relative  results  under  various  conditions  as  to  positions  of  circuits 
can  frequently  be  better  considered  by  an  application  of  the  curves 
than  by  formulae. 

(i2.)  The  foregoing-  discussion  considers  relative  values  only. 
The  induced  electromotive  forces  are  proportional  to  the  primary 
current,  to  the  frequency  and  to  the  length  of  the  circuit. 

The  curves  in  Figs.  4  and  5  have  horizontal  scales  which  are 
plotted  in  terms  of  tlie  radius  of  the  wire.     The  scale  mav  be  used 
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'      VOLTS.  .01  .02  .03  .04 

Inductive  E_.  M.F.   Volts  per   i  Amp.  per  looo   Alt.  per   looo  Feet  of  Circuit. 

FIG.    JO — E.    M.    F.    INDUCED   IN   A   CIRCUIT   EV   CURRENT   FLOWING 
IN    THAT      CIRCUIT 

as  an  inch  scale  for  the  determination  of  the  electromotive  force  in- 
duced in  a  secondary  circuit  (provided  the  secondary  wires  are 
more  than  one  inch  from  the  center  of  the  primary  wire,  which 
may  be  of  any  radius  not  exceeding  one  inch).  If  the  current  is  lOO 
amperes,  the  frequency  60  cycles  and  the  distance  i  000  feet,  then 
435  or  the  vertical  scale  corresponds  to  approximately  one  volt, 
Under  similar  conditicjns  except  that  the  frequency  is  25  cycles, 
I  050  on  the  vertical  scale  corresponds  to  i  volt. 

The  volts  induced  in  a  circuit  by  its  own  current  are  given  in 
Fig.  10  which  is  reproduced  from  page  720  of  the  Jourxai.  for 
December,  1905. 
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(13.)  A  table  of  reactances  by  ]\Ir.  Hcnr}-  \\'.  Fisher*  given 
on  the  next  page  contains  data  for  determining  the  vohs  induced 
in  a  circuit  by  its  own  current.  The  reactance  in  ohms  is  equal 
numerically  to  the  volts  induced  by  the  flow  of  one  ampere.  An  ex- 
amination of  this  table  shows  a  number  of  the  relations  which  have 
been  discussed  in  the  preceding  paragraphs.  The  increase  caused 
by  doubling  the  distance  is  constant  and  is  0.032,  independent  of  the 
size  of  wire.  Comparing  values  for  ^  and  i  inch,  i  and  2,  2  and  4, 
3  and  6,  4  and  8,  6  and  12,  etc.,  it  is  seen  that  the  difference  is  con- 
stant. Hence  the  table  may  be  extended;  the  value  for  120  inches  is 
equal  to  that  for  sixty  inches  plus  0.032.  The  corresponding  con- 
stant for  twelve-fold  increase  in  difference  is  found  by  subtracting 
the  values  in  the  table  for  i,  2,  3,  4,  and  5  inches  from  those  for  12, 
24,  36,  48,  and  60  inches  respectively.  The  dift'erence  is  0.114. 
Therefore  the  values  in  the  table  for  inches  may  be  changed  to 
those  for  the  corresponding  numbers  of  feet  by  adding  0.114. 

The  eft'ect  of  diameter  of  conductor  is  readily  seen  by  compar- 
ing values  in  the  vertical  columns.  The  reactance  changes  much 
more  when  the  conductors  are  close  together,  than  when  they  are 
far  apart.  At  60  inches  the  change  is  only  35  per  cent,  when  the 
diameter  is  increased  16  times.  The  volts  induced  by  the  same 
current  are  therefore  approximately  the  same,  but  heavier  currents 
are  usually  carried  in  the  heavier  conductors. 

(14.)  It  is  useful  to  compare  the  reactance  in  the  table  with 
the  resistance  in  order  to  appreciate  its  relative  practical  import- 
ance. If  it  is  known  whether  the  volts  requiretl  for  overcoming 
reactance  are  more  or  less  than  those  necessary  for  overcoming  re- 
sistance a  fair  idea  may  readily  be  formed  of  the  importance  of  the 
reactance  in  any  given  case.  An  examination  of  the  table  shows 
that  the  reactance  at  60  cycles  is  less  than  the  resistance  lor  Xo.  2 
B.  &  S.  gauge  and  smaller  sizes,  for  distances  between  wires  not 
exceeding  60  inches.  For  No.  000  gauge  the  reactance  at  3  inches 
is  approximately  e(|nnl  ti)  the  resistance,  and  at  3')  inches  is  double 
the  resistance. 

At  25  cvcles  the  reactance  is  ])roporlionately  less  than  the 
values  for  60  cycles  given  in  the  table.  The  reactance  at  25  cycles 
is  less  than  half  the  resistance,  for  Xo.  t  gauge  and  smaller  sizes,  for 
distances  not  exceeding  'vo  inches.  The  reactance  is  less  than  the 
resistance,  f(M-  Xo.  (xroo  gauge  and  smaller  sizes,  for  distance  of  30 
inches  and  less. 


*  Trans.  A.  I.  E.  E.,  June,  UJ05. 
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The  effect  of  the  reactance  upon  the  voltage  drop  in  a  transmis- 
sion circuit  is  dependent  very  largely  upon  the  power-factor  of  the 
circuit.  See  Figs,  ii  and  12,  p.  721  and  p.  '/2;^,  The  Electric 
Journal,  December,   1905. 

The  e.  m.  f.  induced  in  a  secondary  circuit  parallel  with  a  cur- 
rent-carrying wire  may  be  read  directly  froin  ]\Ir.  Fisiher's  table.  If 
for  example  the  secondary  wires  be  48  and  18  inches  respectively 
from  the  current-carrying  wire  the  difference  between  the  reactance 
values  for  these  distances  are  to  be  taken.  For  No.  10  wire  they 
are  0.326  and  0.281  ;  the  difference  is  0.045.  (This  difference  is  the 
same  for  other  sizes;  thus,  for  2000000  cir.  mils  cable,  0.199  less 
0.154  is  0.045).  This  dift'erence  must  be  divided  by  2,  as  we  are 
now  concerned  with  the  effect  of  current  in  one  wire,  whereas  the 
table  is  based  on  current  in  two  wires.  Half  of  0.045  i^  0.0225. 
This  is  the  number  of  volts  induced  in  the  secondary  circuit  par- 
allel with  a  wire  i  000  feet  long  carrying  one  ampere  at  60  cycles. 


THE  WASTE  OF  TIME* 

E.  s.  McClelland 

Assistant  Chief  Engineer.  The  Westinghouse  Machine  Company 

WHAT  is  time?     T'he  duration  of  one's  life;  the  hours  and 
days  which  a  person  has  at  his  disposal.      Let  us  look 
into  this  matter  and  see  in  how  many  ways  we  can  waste 
it,  and  as  we  pass  quickly  over  various  ways,  may  I  ask  you  to 
make  at  least  a  nnnital  note  of  the  one  or  more  ways  you  employ  in 
the  waste  of  the  most  precious  thing  you  have  at  your  disposal. 

We  are  very  like  to  think  only  of  "soldiering"  when  the  waste 
of  time  is  under  discussion.  In  itself  this  form  is  bad  enough 
though  in  many  cases  it  leads  to  worse  methods.  Vou  are  all  famil- 
iar with  this  way  of  wasting  time,  and  you  are,  many  of  you.  so 
free  from  so  common  a  method  as  not  to  use  it,  I  am  sure.  We  all 
despise  a  man  thoroughly  of  whom  it  is  said,  "He  soUliers  during 
working  liom's."  lUtt  soldiering  is  only  one  of  the  many  ways  of 
wastino-  time.     Let  us  see  in  what  other  wavs  we  mav  waste  time. 


*An  address  before  The  Progress  Club  at   Frafford  City.  Dccoinber  Otli, 
1905. 
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The  most  common  cause  of  the  waste  of  time  arises  from  inac- 
curacy in  our  work. 

Let  me  lay  some  stress  upon  this  point.  It  is  one  of  the  i,^reat- 
est  sources  of  loss  to  the  man,  the  employer  and  the  world.  If  we 
are  inaccurate  in  our  work,  we  have  wasted  not  only  our  own  time, 
hut  the  time  of  all  those  who  are  dependent  upon  us  for  the  proper 
prosecution  of  the  work  after  it  leaves  our  hands.  Let  us  take  a 
concrete  example  of  what  will  happen  in  one  of  the  departments  if 
an  error  is  made  by  only  one  man. 

A  drawing  is  made  under  the  direction  of  a  first-class  engi- 
neer who  pays  much  attention  to  the  general  design ;  an  error 
creeps  in,  unnoticed,  due  to  inaccurate  work  or  faulty  instructions  ; 
the  design  is  finished ;  it  is  passed  on  to  the  detailer ;  from  the  de- 
tailer  to  the  tracer ;  from  the  tracer  to  the  blueprinter ;  from  the 
blueprinter  to  the  checker ;  from  the  checker  to  the  foreman  drafts- 
man ;  from  the  foreman  draftsman  to  the  chief  engineer,  and  if  the 
error  is  found,  then  it  goes  back  to  each  man,  consuming  the  time  of 
possibly  ten  men  for  possibly  two  or  three  hours. 

Now,  suppose  the  error  is  not  discovered  and  the  drawing  goes 
to  the  pattern  shop,  foundry,  machine  shop,  erecting  shop ;  the  ma- 
chine is  shipped,  and  when  erected,  is  found  defective  and  a  part 
must  be  replaced  by  one  of  proper  design.  Who  can  measure  the 
waste  of  time,  not  only  of  the  man  who  made  the  error,  but  of  all 
those  who  contributed  to  finishing  the  piece  ? 

Think  of  the  possibilities  of  error  in  an  establishment  of  the 
size  of  ours  and  try  to  grasp  the  fact  that  the  success  or  failure  of 
the  management  depends  upon  every  man  being  accurate  in  all  his 
work,  be  the  position  great  or  small. 

I  have  not  selected  the  drafting  department  as  an  example  be- 
cause it  is  any  more  likely  to  be  inaccurate  than  any  other  depart- 
ment of  the  shop.  How  often  do  we  see  the  heads  of  three  or  four 
departments  called  together  to  consult  and  devise  ways  and  means 
to  correct  a  job  which  has  been  spoiled,  either  through  improper  use 
of  facilities  at  hand  or  inaccurate  information,  or  possibly  through 
inaccurate  work  upon  the  part  of  some  workman.  Do  you  get  the 
idea  I  wish  to  present,  that  the  time  of  others  is  wasted  by  inaccura- 
cies in  our  work. 

How  many  of  us  waste  not  only  our  own  time  but  that  of  oth- 
ers by  not  paying  attention  to  the  manner  of  making  our  wants 
known?  H  we  expect  the  other  man  to  accomplish  our  wishes,  we 
must  convey  them  in  a  clear,  unmistakable  manner,  leaving  out  no 
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detail  or  thought  we  may  have  had  upon  the  matter  in  hand,  and 
tell  it  all  in  the  language  of  the  other  man,  so  that  he  may  get  the 
correct   meaning. 

Now  this  is  one  of  the  most  difficult  things  we  have  to  do,  for  it 
calls  for  a  very  accurate  knowledge  of  the  capacity  of  every  man 
under  our  direction.  Each  man's  work  must  be  suited  to  him.  If 
we  do  not  accomplish  this,  we  waste  our  time,  the  man's  time,  and 
the  cost  to  the  employer  can  scarcely  be  estimated  in  dollars  and 
cents.  This  relates  not  only  to  those  in  charge  of  departments  or 
gangs,  but  to  the  youngest  employe.  Get  the  habit  of  telling  what 
you  want  so  the  other  man  will  know  what  to  do  or  what  to  get. 

A  most  important  point  in  the  matter  of  time  saving  lies  in  the 
attention  we  give  to  detail.  Everything  we  come  in  contact  with  is 
in  the  aggregate  a  mass  of  detail,  and  no  more  fruitful  source  of 
time  saving  can  be  found  than  in  attention  to  detail.  A  man  who  is 
to  succeed  must  not  only  be  industrious,  but  he  must  have  "an  almost 
ignominious  love  for  detail."  The  success  of  any  institution  de- 
pends largely  upon  those  who  handle  the  detail.  It  is  for  the  em- 
ployer to  plan  the  larger  things  (and  this  to  a  large  degree  must 
necessarily  be  all  he  can  do),  leaving  the  details  of  his  scheme  to  be 
worked  out  by  his  subordinates.  And  the  result  in  many  cases,  is  a 
jjlan  failed  of  its  purpose  through  the  neglect  of  some  employe. 
What  does  this  cost  the  employer? 

No  great  man  ever  became  so  who  did  not  pixy  strict  attention 
to  detail.  You,  apprentice  boy;  you,  machinist ;  you,  clerk,  note 
that  the  slightest  error  in  any  detail,  be  it  a  bedplate  or  be  it  a 
cotter  pin,  will  cost  your  employer  a  loss  which  aou  caniinl  rri)a\- 
l)y  months  of  labor  and  effort,  and  in  the  end  you  do  not  have  iho 
confidence  of  your  employer. 

It  may  be  hard  for  you  to  figure  out  what  it  costs  you  and  what 
it  costs  your  employer.     It  is  hard  for  me. 

It  cannot  be  estimated  in  money  value. 

Waste  of  your  time  by  Idleness,  Soldiering,  Inatlention  to  De- 
tail. Inaccuracy,  Gossi])ing,  Loafing  on  the  Street.  All  lend  to  work 
out  in  the  end  to  your  everlasting  discredit. 

Young  man,  the  less  idling  you  do,  the  belter  oi'(  y(^u  will  be. 
r>enjamin  Franklin  said:  "Dost  thou  love  life?  'Hu-n  Ao  not  scpian- 
der  time,  for  that  is  the  slnlT  life  is  made  of." 

And  W.  E.  Gladstone  has  said:  "r.elieve  me,  when  1  tell  you 
that  thrift  of  time  will  repay  you  in  after  life  with  a  usury  of  profit 
beyond  your  most  sanguine  dreams,  and  that  the  waste    of  it  will 
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make  you  dwindle,  alike  in  intellectual  and  in  moral  stature,  beyond 
your  darkest  reckonings, 

"One  of  the  most  important  lessons  for  any  man  or  boy  to  learn 
early  in  life  is  the  economy  of  time.  It  is  a  truth  not  to  be  refuted, 
that  lost  wealth  may  be  replaced  by  industry  ;  lost  knowledge  by 
study;  lost  health  by  temperance  or  medicine.  1)ut  lost  time  is  gone 
forever." 

Economy  of  time  will  furnish  you  with  a  working  capital 
which  nothing  can  rob  you  of,  for  capital  is  nothing  more  nor  less 
than  the  abstinence  from  present  gratification  for  the  sake  of  future 
needs. 

Do  not  let  me  hear  that  you  do  not  have  any  time  to  spare.  You 
have  all  the  time  there  is,  and  what  is  more,  go  hunt  out  the  men  v\ 
your  own  community  who  have  done  the  most  for  their  own  and  the 
general  good  and  you  will  find  them  to  be  almost  miiformly  the 
overworked  class,  men  wellnigh  driven  to  death,  who  seem  almost 
swamped  with  cares,  who  keep  up  a  ceaseless  activity  from  January 
to  December,  and  yet,  nine  cases  out  of  ten,  men  of  this  type,  busy 
as  they  may  be,  will  be  found  capable  of  doing  a  little  more,  and 
you  may  rely  upon  them  in  their  busiest  seasons  with  more  assur- 
ance than  upon  the  idling  man  or  the  dawdling  loafer.  It  seems 
that  the  habit  of  doing  increases  the  power  of  doing;  and  that  it  is 
far  easier  for  one  who  is  always  exerting  himself  to  do  a  little  more 
for  an  extra  purpose  than  for  him  who  does  nothing  to  "get  up 
steam."  Give  a  busy  man  ten  minutes  to  write  a  letter  and  he  will 
dash  it  ofif  at  once ;  give  an  idle  man  a  day  and  he  will  postpone  it 
until  tomorrow  or  next  week. 

You  young  men  do  not  perhaps  realize  that  your  actions  outside 
of  business  hours  are,  in  many  cases,  known  to  your  superior  offi- 
cers and  that  the  way  you  spend  your  time  has  weight  with  them  as 
to  your  future. 

The  small  stones  that  fill  up  the  crevices  are  almost  as  essential 
to  a  firm  wall  as  the  great  stones.  And  so  the  wise  use  of  spare  time 
contributes  not  a  little  to  the  building  up  of  a  man's  mind  and  char- 
acter, in  good  proportion  and  with  strength.  Above  all,  do  not  waste 
the  time  given  you  in  loafing  either  upon  the  street  corner  or  in  any 
other  place  that  is  not  elevating.  Economize  your  time.  What  does 
it  cost  a  man  to  waste  time  in  this  manner  ?  Such  an  one  will  cease 
to  progress ;  such  an  one  will  begin  to  vegetate ;  such  an  one  will 
stand  for  a  time  still,  and  then  he  wall  go  backward  and  downward 
until  he  is  no  longer  in  the  race,  and  over  his  tomb  may  well  be  in- 
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scribed,  "A  failure  from  waste  of  time."  Time,  my  young  friend,  is 
your  most  valuable  asset ;  do  not  waste  one  precious  minute.  The 
man  wdio  knows  the  economy  of  time  will  know  the  art  of  spending 
it,  just  as  the  man  who  knows  the  art  of  economizing  and  saving 
money  knows  the  value  of  it. 

Men  must  know  that  in  this  theatre  of  man's  life  it  remaineth 
only  to  God  and  angels  to  be  lookers  on. — Bacon. 


THE  USE  OF  ALTERNATING  CURRENT  FOR  HEAVY 
RAILWAY  SERVICE^- 

B.  G,  LAMME 

SEVERAL  systems  have  been  devolped  for  using  single- 
phase  alternating  current  for  railway  service.  The  great 
advantage  of  the  single-phase  is  found,  not  in  the  charac- 
teristics of  the  motors  themselves,  as  much  as  in  the  fact  that 
with  a  single  overhead  wire  there  seems  to  be  almost  no  limii 
to  the  voltage  which  can  be  used.  Thirty-three  hundred  volts 
has  proved  to  be  extremely  easy  toi  handle ;  6  600  volts  has  also 
been  tried  out  in  a  perfectly  satisfactory  manner;  11  000  volts 
has  been  adopted  on  at  least  one  road,  and  I  have  no  doubt  what- 
ever but  that  22  000  volts  will  be  given  tests  in  commercial  ser- 
vice within  a  reasonably  short  time ;  in  fact,  the  Swedish  Govern- 
ment tests  are  arranged  to  cover  18000  volts  on  the  trolley.  It 
is  therefore  evident  that  the  single-phase  alternating  current  fur- 
nishes the  solution  of  the  transmission  and  trolley  probknis.  for 
the  complication  and  cost  do  not  increase  grcall\-  with  increase 
of  \()ltage. 

The  success,  however,  of  a  single-phase  Irc^lley  system  de- 
pends entirely  upon  the  apparatus  for  utilizing  the  current.  A 
number  of  motor  systems  have  been  suggested,  and  some  .of 
them  have  been  given  a  more  or  less  complete  trial.  Among 
these  may  be  mentioned  the  motor-generator  type  for  sujiplying 
direct  current  to  motors  on  the  car.  This  is  operative,  but  means 
much  additional  weight  and  cost,  and  is  iiractically  limited  to 
locomotives.  There  is  also  the  .-VrnoUl  system,  where  a  single- 
phase  motor,  either  svnchronous  or  induction,  is  operated  in  con- 


*Extracts    from    Mr.    Lamnie's    article  in  the  Stiwt  Riii!:i.\iv  Jounuil  of  J.m, 
6,  1906. 
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iK'ctiun  with  piiruiiialic  apparatus  on  the  car.  A  third  system, 
and  the  one  wliich  has  been  given  the  greatest  development,  is 
tliat  in  which  some  form  of  the  scries  commutator  type  of  motor 
is  used.  This  latter  forms  what  is  noAV  known  as  the  single- 
])hase  alternating-current  system. 

It  should  be  borne  in  mind  tliat  it  is  not  any  particular 
merit  of  the  single-phase  commutator  type  motor  which  consti- 
tutes the  advantageous  feature  of  the  single-phase  system,  but 
rather  the  successful  development  of  such  a  motor  permits  the 
retention  of  most  of  the  advantages  of  the  present  direct-current 
system  while  many  of  its  limitations  are  removed.  The  motor 
itself,  in  its  characteristics,  closely  resembles  the  direct-current 
series  railway  motor,  and  this  is  considered  one  of  the  principal 
merits  of  the  single-phase  commutator  type  motor.  Having 
these  characteristics,  the  motor  is  susceptible  of  economical 
speed  control,  just  as  in  the  case  of  the  direct-current  motor, 
but  this  feature  can  at  once  be  taken  advantage  of  in  an  alter- 
nating-current system,  due  to  the  fact  that  voltage  variation  can 
1)c  simply  and  economically  obtained  as  soon  as  we  are  dealing 
with  alternating  currents.  The  development  of  such  a  motor, 
therefore,  at  once  permits  us  to  use  any  desired  voltage  on  the 
trolley  system,  and  this  can  be  transformed  to  any  suitable  lower 
voltage  for  the  motor  system,  and  such  voltage  delivered  to  the 
motor  system  can  1>e  varied  economically  over  any  desired  range. 
Herein  lies  the  true  merit  of  the  single-phase  system  and  not 
in  any  inherent  superiority  of  the  motor  itself.  In  fact,  the 
motor  itself  is  superior  to  the  direct-current  motor  in  only  a 
limited  number  of  features,  while  it  is  inferior  in  a  number  of 
others. 

A  single-phase  system  with  commutator  type  motors 
possesses  the  following  features  of  prime  importance  in  hea\y 
railway  work,  namely,  very  high  voltage  with  relatively  small 
currents  can  be  used  on  the  trolley  circuit ;  low  voltage  on  the 
control  system  and  motors ;  a  method  of  control  which  varies 
the  voltage  in  an  efficient  manner;  a  type  of  motor  with  the 
speed  characteristics  of  the  direct-current  motor  and  therefore 
susceptible  of  speed  control  over  the  entire  range  from  zero  to 
maximum  when  used  in  connection  with  the  above-mentioned 
voltage  control.  Finally,  the  motors  and  control  are  connected 
to  a  low  voltage  secondary  circuit  which  can  be  insulated  from 
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the  main  circuit,  if  so  desired.  Another  feature  of  great  import- 
ance is  that  the  motors  can  be  so  arranged  that  they  can  be 
operated  in  a  very  satisfactory  manner  on  direct  current  as  well 
as  alternating.  This  latter  feature  may  not  be  of  great  import- 
ance, except  in  the  immediate  future,  but  at  first  it  is  probable 
that  quite  a  number  of  the  alternating-current  railway  systems 
will  have  to  operate  in  connection  with  existing  direct-current 
plants.  In  this  use  of  the  motors  on  both  alternating  and  direct 
current,  this  system  is  undoubtedly  much  superior  to  the  three- 
phase  system,  even  when  the  motors  of  the  latter  are  equipped 
with  commutators. 

For  heavy  railway  service  equivalent  to  present  steam  prac- 
tice, this  system  commends  itself  in  many  ways.  Trolley  volt- 
ages of  6600  or  higher  now  appear  to  be  necessary  for  such  ser- 
vice. Speed  control  over  any  desired  range,  especially  for 
freight  service,  is  of  extreme  importance  and  can  readily  be  ob- 
tained with  this  system,  ^^'ith  voltage  control  and  commutator 
type  motors,  the  power  consumption  at  the  motors  is  moreover 
practically  in  proportion  to  the  load,  and,  when  running  with  a 
given  load,  at  the  lowest  speeds  the  power  consumption  is  a  mini- 
mum. In  this  feature  the  single-phase  railway  equipment  re- 
sembles the  present  steam  equipments.  A  further  feature  of 
great  value  from  the  operating  standpoint  is  that  a  sudden  over- 
load or  momentary  short-circuit  does  not  mean  a  shut-down  of 
the  system  for  any  considerable  period  of  time.  As  the  trolley 
system  is  fed  from  the  lowering  transformer  simply,  without 
interposition  of  inoxing  niachincr_\-.  a  short-circuit  will  ha\e  tlu- 
effect  of  lowcrn^g  tlie  xoltagc  temjiorarily.  and  as  soon  as  the 
short-circuit  is  renrnved.  the  voltage  can  rise  to  normal  and  the 
system  is  at  once  oper;iti\e.  In  tlie  present  aUernating-current- 
(lirect-currcnt  svstcni,  however,  a  severe  short-circuit  is  liable  to 
shut  (Inwn  tlie  system  for  (|uite  an  api>reciable  period  until  the 
sub-station  macliinory  can  ;ig;nn  he  l^ronght  into  service.  l*ur- 
thermore  with  the  altcrnating-current-direct-current  system  the 
momentary  load  whicli  can  be  taken  is  dependent  upon  the  ro- 
tating snl)-station  ai'paratus.  to  a  great  extent,  while,  with  sta- 
tion;ir\  transformers  alone,  an  enormous  overload  can  be  carried 
for  a  short  time  without  deleterious  elTects.  The  system  is  there- 
fore a  \-er\-  suitable  one  for  infrequent  and  \iolenlly  llnctuating 
liKids.  The  efficiency  i^\  the  lowering  transt'ormer  is  (juite  high 
over  a  very  wide  range,  which  is  n(.t  ecpially  true  with  the  rotal- 
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ing  niaehincry,  such  as  is  required  for  transforming  from  alter- 
.naling  to  direct  current. 

The  nimil)er  of  sub-stations  and  their  distribution  can  Ijc 
made  to  contorm  to,  the  load  conditions  to  any  desired  extent. 
l*"(jr  instance,  if  tliere  is  any  point  where  there  will  be  a  par- 
ticularly heavy  pull  on  the  system,  such  as  a  difficult  grade,  then 
a  transformer  station  can  be  placed  at  this  point. 

Another  feature  possessed  by  this  system  is  the  ability  to 
increase  or  extend  the  service  with  but  a  relatively  small  in- 
crease in  cost.  I'^or  example,  if  the  service  on  the  road  should 
be  doubled  or  tri])led  after  it  is  installed,  then  the  number  of 
transforming  stations  could  be  doubled  or  tripled,  if  desired, 
these  stations  being  placed  between  the  older  stations.  In  this 
way  the  transmission  and  the  trolley  systems  could  remain  prac- 
tically unaffected.  Also,  an  extension  of  the  system  at  either 
end  could  be  accomplished  in  many  cases  by  simply  extending 
the  existing  lines,  without  the  addition  of  feeders  along  the 
whole  system.  In  other  words,  the  system  could  be  extended 
very  greatly  with  a  cost  in  the  transmission  and  trolley  systems 
practically  in  proportion  to  the  extension. 

The  question  seems  to  be  turning  now  to  the  comparative 
economy  of  the  single-phase  system  and  the  direct-current  sys- 
tem with  transforming  sub-stations.  This  is  a  question  upon 
which  it  is  rather  difficult  tO'  give  any  decided  answer,  as  the  re- 
sults would  depend  on  each  individual  case.  The  distribution 
of  the  losses  are  so  different  in  the  tw^O'  systems  that  it  is  hard 
to  make  any  comparison  unless  a  rather  complete  analysis  is 
made.  The  efficiency  of  the  single-phase  alternating-current 
motor  is  necessarily  somewhat  lower  than  that  of  a  correspond- 
ing direct-current  motor;  also,  there  is  an  additional  loss  in  the 
transforming  apparatus  on  the  car.  Furthermore,  an  additional 
amount  of  power  is  required  to  operate  the  alternating-current 
equipment,  due  to  greater  weight.  The  single-phase  motors  are 
necessarily  somewhat  heavier  than  direct-current  motors  of  same 
rating,  due  to  a  considerable  extent  tO'  the  fact  that  in  the  alter- 
nating-current motor  the  steel  supporting  frame  is  idle  mag- 
netically and  therefore  constitutes  dead  weight,  while  in  a  direct- 
current  machine  the  supporting  frame  or  yoke  is  active  magnet- 
ically, and  therefore  constitutes  useful  material.  This,  in  itself, 
may  represent  a  difference  of  15  per  cent,  or  20  per  cent,  in 
weight  between  the  two  types  of  apparatus.     Also,  the  lowering 
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transformer  on  the  car  or  locomotive  represents  an  additional 
weight  over  the  direct-current  equipment.  The  rheostat  re- 
quired on  the  direct-current  system  is,  however,  omitted  on  a 
straight  alternating-current  equipment,  although  it  will  be  re- 
quired wdien  the  equipment  is  used  for  both  alternating  and  di- 
rect current.  In  other  features,  however,  the  alternating  and 
direct-current  equipments  are  not  so  very  different  in  weight. 
Taking  all  these  facts  into  consideration,  the  alternating-current 
equipment  will  probably  weigh  from  five  per  cent,  to  ten  per 
cent,  more  than  the  direct-current  equipment,  and  therefore  ad- 
ditional power  is  absorbed  in  the  operation  of  the  car,  due  simply 
to  this  weight.  Therefore,  as  regards  power  consumption  at  the 
car  itselt,  the  alternating-current  equipment  when  running  at 
the  same  speed  as  a  direct  current,  recpiires  somewhat  more 
power. 

If  the  system  is  such,  however-  that  there  is  very  frequent 
starting,  then  the  alternatmg-current  equipment,  using  voltage 
control  only,  will  be  more  economical  during  acceleration  than 
will  the  direct  current  with  its  rheostatic  and  series-parallel 
combinations.  In  such  cases  the  difference  in  economv  at  full 
speed  may  be  partly  or  wholly  offset  by  the  better  economv  of 
the  alternating  equipment  during  acceleration.  How^ever  'this 
does  not  apply  to  any  extent  to  other  service  where  the  'step. 
are  relatively  infrequent. 

Passing  to  the  In.lley  ])art  of  the  svslcm.  it  mav  be  noted 
that  with  the  very  hioji  voltage' which  can  be  used  with  the 
alternating  system  the  trolley  losses  can  be  made  verv  low  com- 
pared with  average  direct-current  conditions.  For 'long  lines, 
the  gain  in  this  part  may  much  more  than  offset  the  los^  in  iju- 
equipmcnts,  and  therefore  the  two  systems  mav  be  on  a  par  a>. 
regards  economy  beyond  the  transformer  statior.s. 

In  the  transforming  sub-stations  the  direci-current  svstem 
requires  either  rotary  converters  or  motor  generators  for  trans- 
forming from  alternating  to  direct  current.  In  addition,  reduc- 
ing transformers  are  re<iuired  for  changing  from  the  high-volt- 
age feeder  system  to  the  low  voltage  required  by  the  transform- 
mg  apparatus.  The  efficiency  of  a  rotarv  converter  when  fairly 
well  loaded  is  very  good,  but  if  the  service  is  verv  intermilten't 
the  average  efficiency  of  the  rotarv  converters  mav  be  but  little 
oyer  90  per  cent.,  if  that  high.  With  motor-generators,  the  effi- 
ciency will  be  from  two  per  cent,  to  five  per  cent,  lower  than  with 
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rotary  converters.  The  efficiency  of  the  rc-dncin^-  transformers 
in  these  snb-stations  is  comparatively  high.  Jf  the  single-phase 
trolley  system  is  fed  from  transformer  stations,  then  the  trans- 
former losses  will  be  present,  and  it  is  only  the  dilTerence  in  loss 
dne  to  the  rotary  converters  or  motor  generators  which  should 
be  consider,  d.  If,  however,  the  trolley  voltage  should  be  so 
high  that  it  can  be  supplied  directly  from  the  generator  without 
transformers,  then  there  would  also  be  a  gain  in  efficiency  of 
the  ;single-phase  system  due  to  the  elimination  of  the  transform- 
ers themselves.  Even  with  transformers  in  both  cases,  the 
single-phase  system  could  use  one  or  more  large  transformers 
in  i)lace  of  a  larger  number  of  smaller  units  generally  used  with 
rotary  converters  or  motor  generators. 

It  may  be  suggested  that  with  motor  generators  the  motors 
could  be  wound  for  very  high  voltage,  thus  avoiding  the  use  of 
step-down  transformers.  This  can  be  done  in  some  cases,  but 
it  should  be  borne  in  mind  that  the  eiBciency  of  a  very  high- 
\oltage  motor  is  in  general  one  per  cent,  to  two  per  cent,  low^er 
than  a  correspondingly  low-voltage  motor,  and  thus  the  gain  in 
efficiency  due  to  omission  of  transformers  will  hardly  bear  con 
sideration. 

Going  back  to^  the  power  house,  we  find  that  in  most  cases 
the  single-phase  system  recjuires  somewhat  less  total  output  than 
the  alternating-current-direct-current  system  with  rotary  con- 
verters or  motor  generators.  This  means,  therefore,  that  the 
efficiency  of  the  single-phase  system  as  a  whole  is  somewhat 
better  than  that  of  the  alternating-current-direct-current  system; 
about  five  per  cent,  to-  ten  per  cent,  in  most  cases.  It  is  this 
gain  in  efficiency  in  the  combined  system  which  is  important, 
and  not  the  gain  or  loss  in  any  particular  piece  of  apparatus. 
If  the  single-phase  system  shows  a  lower  power  consumption, 
with  the  same  service  than  the  alternating-current-direct-cur- 
rent, then  it  is  absurd  tO'  criticise  the  lower  efficiency  oi  the  car 
equipments  themselves. 

Considering  next  the  total  cost  of  such  a  system,  we  are 
again  confronted  by  the  fact  that  different  results  will  be  ob- 
tained in  each  individual  case,  but  considering  the  problem  in  a 
general  way  only,  the  results  indicated  below  have  been  obtain- 
ed. The  power  house  for  either  system  will  cost  very  nearl}^  the 
same.  The  j^ovvcr  consumption  in  the  single-phase  system  will 
average  slightly  less  than  that  of  the  alternating-current-direct- 
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current  system,  but  part  of  the  apparatus  in  the  power  house 
will  be  more  costly  if  the  ideal  single-phase  system  is  installed. 
The  generators  themselves  for  supplying  straight  single-phase 
current  should  be  somewhat  more  expensive  than  polyphase  ma- 
chines used  with  the  rotary  converter  system.  This  is  due 
partly  to  the  fact  that  single-phase  machines  as  a  rule  are  larger 
and  heavier  than  polyphase  machines  for  the  same  output,  and 
also  to  the  fact  that  the  regulation  characteristics  of  the  two  sys- 
tems may  be  cjuite  different.  In  the  alternating-current-direct- 
current  system  the  regulation  of  the  generator  itself  may  be  com- 
paratively poor  and  the  rotary  converters  may  be  compounded 
to  correct  for  this.  In  the  single-phase  generator  for  railway 
work,  however,  all  compounding  is  done  at  the  generator  itself, 
and  therefore  the  machine  must  have  fairly  good  characteristics 
in  itself.  There  are  also  other  features  in  the  station  wdiich  may 
modify  the  relative  costs  somewhat,  so  that  as  a  rule  the  power 
houses  for  the  two  systems  may  be  considered  as  having  rela- 
tively the  same  costs.  If  the  power  house  should  represent  a 
comparatively  high  per  cent,  of  the  total  cost  of  the  svstem.  then 
this  parity  in  this  one  large  item  may  mask  to  some  extent  the 
difference  in  per  cent,  in  the  remaining  items.  For  instance,  if 
in  the  other  items  the  single-pliase  system  should  cost  20  per 
cent,  less  than  the  altcrnating-current-direct-current.  and  the 
power  house  e(|uipment  should  represent  50  ]ier  cent.  t)f  the 
total  cost,  then  the  single-phase  system  would  hax'c  an  ai)parent 
advantage  of  much  less  than  20  per  cent,  of  the  total  cost,  whik- 
with  the  power  house  equipment  representing  a  smaller  per  cent, 
of  the  total  cost,  the  single-phase  system  shows  somewhat  better. 
The  actual  figures  should  be  looked  at  and  not  the  per  cents. 

Ueyond  the  power  house  the  high-voltage  tran.smission  line, 
if  one  is  used,  may  represent  practically  tlu-  same  cost  in  either 
system.  In  the  sub-stations,  however,  if  such  are  used,  the 
single-phase  system  may  ha\e  one  or  more  transformers  of  rela- 
tively large  capacity  compared  \\\\\\  a  larger  number  o\  smaller 
transformers  \\ith  the  alternating-current-direct-current  s}-stem. 
The  cost  of  Iransfi  irmers  with  the  single-i^hase  system  should 
therefore  be  less,  '["he  cost  i>f  the  ralary  converters  or  motc>r 
generators  is  entirelv  wiped  (Uit  with  the  single-phase  system. 
Therefore  this  system  represents  a  \ery  considerable  gain  in  cost 
in  the  Sub-stations.  The  cost  oi  the  buililings  themselves  can 
also  be  reduced  as  their  si/e  can  be  reducetl. 
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Coiiiinj4"  ti)  llu'  trolley  system,  the  liis^li-vollaj^e  trolley  con- 
struetion  itself  iiia\-  re])reseiit  a  higher  cost  than  the  usual  direct- 
eurreul  constructions,  nci^lcctint;-  feeders.  However,  when  the 
(iirect-cnrrent  ft'cders  are  included,  the  total  cost  f)f  the  direct 
current  i)art  ol  the  transmission  system  is  found  to  ])e  much 
higher  than  that  of  thf  high  voltage  alternating  trolley  system 
without  feeders.  W  hen  the  car  equipments  are  reached,  how- 
ever, we  find  the  conditions  reversed.  On  account  of  the  con- 
struction of  the  motors  themselves,  with  their  thoroughly  lami- 
nated fields  and  supporting  frames,  which  represent  extra  ma- 
terial, the  cost  is  very  materially  increased  over  that  of  the  pres- 
ent types  of  direct-current  equipment.  Also,  the  cost  of  the 
lowering  transformers  on  the  car  must  be  added.  If  the  equip- 
ment is  to  be  used  for  both  alternating-current-direct-current, 
there  will  be  some  extra  cost  due  to  added  switching  and  con- 
trolling apparatus.  Therefore,  taking  everything  into  account, 
the  cost  of  the  alternating-current  equipments  is  very  consider- 
ably higher  than  for  corresponding  direct-current  equipments. 
However,  in  general  it  has  been  found  that  this  increased  first 
cost  of  the  car  equipment  does  not  merely  neutralize  the  gain  in 
other  parts  ol  the  system,  for  in  the  ordinary  alternating-current- 
direct-current  system  the  cost  of  the  electric  equipments  on  the 
cars  represents  but  a  small  per  cent,  of  the  total  cost  of  the 
system,  and  therefore  a  large  per  cent,  increase  in  this  smaller 
item  will  not  be  equal  to  a  relatively  large  decrease  in  cost  of 
some  of  the  larger  items.  As  a  rule,  therefore,  it  has  been  found 
that  the  total  first  cost  of  the  single-phase  system  is  considerably 
lower  than  that  of  the  standard  alternating-current-direct-cur- 
rent system,  the  difference  depending  upon  individual  condi- 
tions. Not  considering  the  power  house,  in  some  instances  this 
difiference  may  amount  to  as  much  as  30  per  cent.,  while  in 
others  it  may  be  as  little  as  10  per  cent. 

The  above  considerations  of  ef^ciency  and  cost  have  been 
based  on  usual  conditions  of  operation  as  handled  by  the  present 
alternating-current-direct-current  system,  but  in  service  corre- 
sponding to  heavy  steam  conditions  there  are  other  conditions 
entering  which  afifect  the  comparison  of  the  two  systems.  For 
example,  the  question  of  economy  of  speed  control  should  be 
considered  when  it  comes  to  freight  service,  or  in  those  cases 
where  it  is  necessary  to  run  for  considerable  periods  at  other 
than  the  normal  speeds.     With  the  present  direct-current  sys- 
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tern,  betwen  half  and  full  speed,  that  is,  between  series  and 
parallel,  there  is  no  economical  running  point,  and  rheostatic 
control  must  be  used  with  corresponding  reduction  in  efficiency. 
However,  with  the  single-phase  system,  the  number  of  speeds 
which  can  be  obtained  are  directly  proportional  to  the  number 
of  voltages  which  can  be  supplied  from  the  step-down  trans- 
former. As  a  rule,  the  number  of  steps  are  rather  large,  and  a 
corresponding  number  of  efficient  speeds  are  obtainable.  There- 
fore the  single-phase  system,  for  such  condition  of  service,  is 
much  more  efficient  than  the  direct-current  system,  not  going 
beyond  the  car  equipments  themselves.  Taking  the  whole  sys- 
tem into  account,  in  such  cases,  the  total  efficiency  should 
amount  to  many  per  cent,  better  than  in  the  alternating-current- 
direct-current  system.  Therefore,  in  any  condition  where  the 
direct-current  system  requires  any  considerable  use  of  the 
rheostat  for  regulating  the  speed,  the  single-phase  system  has 
the  advantage  in  economy  as  far  as  the  eciuijiiiient  itslf  is  con- 
cerned. But  under  conditions  where  the  direct-current  equip- 
ment does  not  require  a  rheostat,  the  advantage  is  in  its  favor. 
Such  conditions,  however,  would  be  the  exception  rather  than 
the  rule,  in  service  corresponding  to  that  of  the  present  steam 
roads. 
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(E-iiracts  from  a  paper  read  before  A.  I.  E.  E.  Jamcary,  1906) 

HENRY  (i.  STOTT 
Superintendent  of  Motive  Power,  Intefborough  Rapid  Transit  Company 

IN  Table  I  will  be  found  a  complete  analysis  of  the  losses  found 
in  a  year's  operation  of  what  is  probably  one  of  the  most  effi- 
cient plants   in   existence   to-day  and,   therefore,  typical  of 
the  present  state  of  the  art. 

TABLE    I. 

Analysis  of  the  Average  Losses  in  the    Conversion    of    One    Pound    of 
Coal  Into  Electricity 

1.  B.t.u.  per  pound  of  coal  supplied 

2.  Loss  in  ashes 

3.  Loss   to   stack 

4.  Loss  in  boiler  radiation  and  leakage... 

5.  Returned   by   feed-water   heater 

6.  Returned  by  economizer 

7.  Loss  in  pipe  radiation 

8.  Delivered    to   circulator 

9.  Delivered    to    feed-pump 

10.  Loss  in  leakage  and  high-pressure  drips. 

11.  Delivered  to  small  auxiliaries 

12.  Heating 

13.  Loss   in   engine   friction 

14.  Electrical  losses • . 

15.  Engine   radiation   losses ., 

16.  Rejected  to  condenser 

17.  To    house    auxiliaries 


Delivered  to  bus-bar ....-  1452        10.3 

SUMMARY  OF  HEAT  BALANCE 

The  present  type  of  power  plant  using-  reciprocating  engines 
can  be  improved  in  efficiency  as  follows: 

Reduction  of  stack  losses 12% 

Reduction  in  boiler  radiation  and  leakage 5% 

Reduction  in  engine  losses  by  the  use   of   superheat 6% 

resulting  in  a  net  increase  of  thermal  efficiency  of  the  entire 
plant  of  4.14  per  cent,  and  bringing  n\)  the  total  thermal  effi- 
ciency from  10.3  per  cent  to  14.44  pei"  cent. 


B.t.u. 

% 

B.t.u. 

% 

14  150 

lOO.O 

340 

2.4 

3  212 

22.7 

I  131 

8.0 

441 

31 

960 

6.8 

28 

0.2 

223 

1.6 

203 

1-4 

152 

I.I 

51 

0.4 

31 

0.2 

III 

0.8 

36 

0.3 

28 

0.2 

8  524 

60.1 

29 

0.2 

15  551 

109.9 

14  099 

99.6 

14  099 

99.6 
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In  Table  II  will  be  found  a  tabulation  of  the  relative  values 
of  the  various  items  necessary  in  the  maintenance  and  operation 
of  a  power  plant.     The  first  column  covers  a  plant  with  compound 

TABLE  11. 

Distribution  of  AIaintenance  and  Operation.     Charges  per 

Kilowatt-Hour 

Recip-  Gas 

Recip-         Steam        rocating  Gas     Engines 

rocating      Turbines     Engines  Engines      and 

Engines                          &  Steam  Plant       Steam 

Turbines  Turbines 

Maintenance.  ' 

1.  Engine    room    mechanical 2.57  0.51  1.54  2.57  1.54 

2.  Boiler  room  or  producer  room.  .  4.61  4.30  3.25  1.15  1.95 
3  Coal-  and  ash-handling  apparatus.  0.58  0.54  0.44  0.29  0.29 

4.  Electrical  apparatus    1.12        1.12         1.12  1.12         1.12 

Operation 

5.  Coal-  and  ash-handling  labor....  2.26  2.11  1.74  1.13  1.13 

6.  Removal  of  ashes 1.06  0.94  0.80  0.53  0.53 

7.  Dock  rental    0.74  0.74  0.74  0.74  0.74 

8.  Boiler-room  labor   7.15  6.68  5.46  1.79  3.03 

9.  Boiler-room  oil,   waste,   etc 0.17  0.17  0.17  0.17  0.17 

10.  Coal    61.30  57.30  46.87  26.31  25.77 

11.  Water    7.14  0.71  5.46  3.57  2.1^ 

12.  Engine-room    mechanical    labor...  6.71  1.35  4.03  6.71  4.03 

13.  Lubrication    1.77  0.35  i.oi  1.77  1.06 

14.  Waste,  etc 0.30  0.30  0.30  0.30  0.30 

15.  Electric  labor   2.52  2.52  2.52  2.52  2.52 

Relative  cost  of  maintenance  and  op-      i03.oo      7964      757-        5067      46.32 

eration 

Relative   investment  in  per  cent loo.oo      82.50      77-00      100.00      9i-'0 

condensing;-  reciprocatiui;"  engines  witlunil  su])c'rlieal.  and  is  dc- 
ri\'cd  from  a  year's  record  of  actual  costs  of  a  large  ])lanl  oi)eral- 
ing  with  a  load-factor  of  apiiroximately  50  ])vr  cent.;  load-faclor  in 
this  case  being  defined  as 

Actual  output 
Maximum  hour's  loadX24 

The  values  in  the  other  columns  have  in  the  main  been  esti- 
mated from  the  first  column,  but  wherever  possiI)le  actual  tiata 
derived  from  vari(nis  sources,  both  domestic  and  foreign,  have 
been  used;  but  in  all  cases  all  values  have  been  reiluced  so  as 
to  make  them  directly  comparable  with  the  first  column,  and 
willi  one  another.  The  values  in  mainlenance  and  operation  of 
steam  turl)ines  are  derived  from  actual  costs. 

The  following  heat  balance  is  believed  to  represent  the  best 
results  obtained  in  Europe  and  the  Ignited  States  up  to  date  in 
the   formation   and   utilizati(tn   oi  producer  gas. 
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Analysis  of  the  Average  Losses  in  the   Conversion   of   One   Pound  of 
Coal  Containing  12  500  B.t.u.  into  Electricity 

B.t.u.  Per  cent. 

1.  Loss  in  gas  producer  and  auxiliaries 2  500  20. 

2.  Loss  in  cooling  water  in  jackets 2  375  19. 

3.  Loss  in  exhaust  gases 3  750  30. 

4.  Loss  in  engine    friction. 813  6.5 

5.  Loss  in  electric    generator 62  0.5 

6.  Total    losses 9  5oo  76-0 

7.  Converted  into  electrical  energy 3  600  24.0 

12  500  lOO.O 

The  combination  of  gas  engines  and  steam  turbines  in  a 
single  plant  offers  possibilities  of  improved  efficiency  whilst  at 
the  same  time  removing  the  only  valid  objection  to  the  gas  en- 
gine. 

A  steam  turbine  unit  can  easily  be  designed  to  take  care  of 
100  per  cent,  overload  for  a  few  seconds;  and  as  the  load  fluctua- 
tions in  any  plant  will  probably  not  average  more  than  25  per 
cent,  with  a  maximum  of  50  per  cent  for  a  few  seconds,  it  would 
seem  that  if  a  plant  were  designed  to  operate  normally  with  50 
per  cent  of  its  capacity  in  gas  engines  and  50  per  cent  in  steam 
turbines,  any  fluctuations  of  load  likely  to  arise  in  practice  could 
be  taken  care  of. 

We  have  seen  that  the  thermal  losses  in  the  gas  engine 
jacket- water  amounted  to  approximately  19  per  cent,  and  as  the 
water  is  discharged  at  a  temperature  above  100  degrees,  it  can 
be  used  to  advantage  for  boiler  feed. 

The  jacket-water  necessary  for  an  internal  combustion  en- 
gine will  probably  be  about  40  lb.  per  kilowatt-hour,  assuming 
that    the    jacket- water    enters    at    50    degrees    F. ;    then    the    dis- 

■11  t            ,        19x12500  o  -c 

charge  temperature  will  be  50-f- ,q  ,qq =  109.4    r. 

As  the  steam  turbine  will  require  only  about  15  lb.  per  kilo- 
watt-hour, including  auxiliaries,  it  is  evident  that  only  37.5  per 
cent  of  this  heat  or  7.1  per  cent  of  the  jacket-water  loss  can  be 
utilized.  The  other  loss  in  the  exhaust  gases  of  30  per  cent  can 
be  utilized  either  in  economizers  or  directly  in  boilers  or  super- 
heaters. 

Thus  by  utilizing  the  waste  heat  in  the  gas  engines  for  the 
purpose  of  assisting  to  make  steam  for  the  turbines,  there  can 
be  saved  approximately  37  per  cent  of  the  total  heat  lost  in  the 
gas  engine. 

In  the  summary  of  analysis  of  heat  balance  it  was  shown 
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that  one  can  reasonably  expect  to  bring  the  reciprocating  en- 
gine plant  up  to  a  maximum  total  thermal  efficiency  of  14.44  P^r 
cent,  or  possibly  with  steam  turbines  using  superheat,  to  15  per 
cent. 

Referring  now  to  Table  i  it  will  be  noted  that  in  Item  2  the 
loss  in  ashes  was  2.4  per  cent,  and  the  loss  to  stack  in  Item  3 
was  22.7  per  cent ;  now  with  the  hot  gases  from  the  gas-engine 
exhaust  it  is  evident  that  the  loss  in  2  will  not  exist,  and  that 
Item  3  will  be  reduced  from  22.7  per  cent  to  about  five  per  cent 
as  the  process  of  combustion  is  completed  in  the  gas  engine. 
The  total  efficiency  of  conversion  of  this  30  per  cent  of  heat  from 
the  waste  gases  when  used  in  the  turbine  plant  would  then  be 
1 5.0+2.44- (22.7— 5)  =35. 1  per  cent. 

SUMMARY. 

1.  The  present  type  of  steam-power  plant  can  be  improved 
in  efficiency  about  25  per  cent  by  the  use  of  more  scientific 
methods  in  the  boiler  room,  by  the  use  of  superheat,  and  by 
running  the  present  types  of  reciprocating  engines  high  pres- 
sure, and  adding  a  steam  turbine  in  the  exhaust  between  the 
engine  and  the  condenser.  At  the  same  time  the  output  of  the 
plant  can  be  increased  to  double  its  present  capacity  at  a  com- 
paratively small  cost  for  turbines  and  boilers. 

2.  The  steam-turbine  plant  has  an  inherent  economy  20  per 
cent  better  than  the  best  type  of  reciprocating-engine  plant,  not 
so  much  due  to  its  higher  thermal  efficiency  as  to  a  variety  of 
causes  shown  in  Table  II. 

3.  An  internal  combustion-engine  plant  in  combination 
w'ith  a  steam-turbine  plant  offers  the  most  attractive  proposition 
for  efficiency  and  reliability  to-day.  with  the  possibility  of  pro- 
ducing the  kilowatt-hour  for  less  than  one-half  its  present  cost. 
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ENGINEERING. 
ELECTRICAL  ENGINEERING. 

GENERAI,. 
Statistics,  Specifications,  K,tc. 
Materials. 

(To  be  subdivided  as  required.) 
Measurement. 

Systems. 

Meters. 
Theory. 

GENERATION 
(and  all  parts  of  Rotating  Macbines). 
General. 
Power  Plants. 
(Classified  alphabetically  or  otherwise.) 
(See  abso    Transformation  and  Transmis- 
sion.) 
Batter  I  es — Primary. 

(For  storage  see  Transformation.) 
Dynamos  .4nd  Motors. 
General. 
General  Tests. 

Armatures  (except  Commutator). 
Bearings. 
Commutators  and  Collectors. 

Brushes. 
Field  Winding. 
Frame,  Field  Core. 
F'oundations. 
Direct  Current. 
Engine  Tj'pe. 
Belted  Type,  etc. 
Alternating  Current. 
Alternators. 
General. 
Inductor. 
Turbo  (Steam). 
Induction  Motors. 
Series  Motors. 
Synchronous. 
Pul.sating  Current. 
Double  Current  and  Changers. 
(See  Trasformation. ) 

TRANSFORMATION. 
General. 
Boosters. 
Frequency  Changers. 

MOTOR-(iENER.\TORS. 

Rectifiers,  "A-C  "  and  "  DC." 

Commutating. 

Electrolytic 
Regulators. 

(See  also  Transmission  and  Utilization.) 
Rotary  Converters. 
Secondary-  Batteries. 
Transformers. 

General. 

Constant  Current. 

Constant  Pressure. 

Series. 

Induction  Coils. 

Induct  on  Motor  as  Transformer. 

Induction  Regulator. 


TRANSMISSION,  CONDrCToKS  AND 
CONTROI<. 
General. 
.Systems. 
Alternating-Current. 
Direct-Current. 
Composite. 
l<iNEs  and  Conductors. 
(Veneral. 

Over-head  (Poles,  Arms,  etc.). 
Underground. 
Conduits  (also  see  Supports). 
Manholes. 
Interior  Wiring. 
Fixtures.     (See  nlso  Retaining  and   Sup- 
porting Devices. 
Conductors. 
Insulation  for. 
Wire,  Tables,  etc. 

Retaining  and  .Supporting  Devices. 

Messengers. 

Insulators. 

Conduits. 
Switchboards. 

General. 

(iround  Detectors. 

Meters. 

Protective. 
Circuit  Breakers. 
Fuses, 
lyightning  Arresters. 

Switches. 

Synchro.scopes. 
Control  .-^nd  Regulation. 

(,See   also  Transformation  and   Transmis- 
sion.) 

General. 

Booster.s. 

(See  also  Direct-Current  Generation.) 

Regulators  and  Controllers. 

Rheostats. 

Storage  Batteries. 

(.See  Transformation.) 

UTII,IZATION. 

General. 

Solenoids,  M.a.gnets,  e;tc. 

Heating. 

Electro-Chemistry. 

Medicine. 

i,ighting. 

(See  also  Wiring  under  Transmission.) 
Illumination. 
General. 
Systems. 
Arc. 

(Sub-classify  same  as  Incandescent,  if 
desired.) 
Vacuum  Tube  and  Vapor. 
Incandescent. 

l^See  Transmission  for  Wiring,  etc.) 

General. 

Economy. 

Illumination. 

Kinds  of  I,amps. 

Apparatus.  (See  Transmis.sion, Wiring. 

Photometry. 


See  El.  Wld.  and  Eng.  p.  910-912,  Vol.  46. 
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Signal  and  Intklligexce  Transmission 
Signals. 

General. 

Systems. 

Call  Rells.  etc. 
Telegraphy. 

General. 

System.?. 

Wire. 
Land. 
Submarine. 

Wireless. 
Telephony. 

General. 

Systems. 

Switch-Boards. 

Lines.     ( See  also  Tran.smission.) 

Protective  Apparatus. 

Other  .\pparatus. 

Power. 
General. 
Systems,  etc. 

Storage   Batteries.     (See  Transformation.) 
Motors  and  Application  of. 
(See  also  Generation.) 
General. 
Systems. 

(Alternating  and  Continuous-Current.) 

General  Machinerv. 

Hoisting,  Conveying,  etc. 

Fans. 

Mining. 

Shops. 

Tools  and  Special  vShop  Machinery. 
Traction.     (See  also  Ry.  Eng.) 
General. 
Systems. 

.\utoniobiles    Klectric. 
Railway. 

(See  Ry.  Eng.,  Generation,  etc.) 


RAILWAY   ENGINEERING. 

GENERAL. 
L-^ws  AND  Theory. 

SYSTEMS. 
(Installations  Alphabetically  or  Otherwise.) 

Trunk, 
interurban. 
Street  Railro.a.ds. 

OPERATION. 

ACCOVXTINCi. 

Dispatching. 

Labor. 

Mana<;ement. 

ROUTE. 

loc.a.tion. 

Grade  .'Vnd  Sub-Grade. 

Track,  Bonds,  Etc. 

SlGN.\LS. 

Maintenance. 

ROLLING  STOCK. 
Cars  and  Locomotives. 
Theory. 

.\dhesion.  Tractive  force. 
Tests. 
Running  Gear. 
Braking.     (See  Brakes.) 
Frames. 
.Suspension. 
Trucks. 

Wheels,  Boxes,  Axles. 
Lighting  and  Heating.  ..     „     , 

Brakes.  Hand.  Automatic,  etc.:  Air  Brakes, 

.\uxiliarv  Apparatus. 

Maintenaiic;  and  Repairs. 

SHOPS. 

S'lWTIONS   AND   TERMINALS 

POWER    PLANTS    AND    TRANSM  ISSU)N. 

(See  Generation  and  Transmission.) 


FOR     classifvino-     the    rapid     accunuilation    of    electrical     en- 
.-•ineerin-  (lata,  tlic  author  some  years  ago  devised  a  sys- 
tem, which,  while  it  has  proven  rpiite  satisfactory,  now 
shows  the  need  of  some  chano-e. 

The  revised  form,  which  appears  ahove,  includes  the  mam 
claims  previouslv  held.  viz..  a  lo-ical  order  dependent  on  the 
basis  of  the  oeneration.  transformation,  transmission  and  uiili/a- 
tion  of  enerov.  l.lectric  railroads  is  also  provided  for  as  a  separate 
subject.  In  some  wavs  it  is  closely  allied  to  Electrical  Kngmeer- 
ing-."    The  system  can  be  made  to  conform  t.^  the  Dewey  decimal 

classification. 

The  Dewev  svstem.  commonlv  used  in  libraries.  <hvidcs  tlic 
whole  field  of  knowledge  into  ten  parts  and  these  arc  subdivided 
as  far  as  desired,  but  the  sub-divisions  of  any  one  class  never 
exceed   ten.     To  each   heading  a   number   is   given,   the   decimal 
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SN'sU'iii  Ix'ini;-  c'ni])l()\(.'(l.  '\'\\v  ])rc'S(.'nt  sNStcni  is  made  so  that  it 
cr.n  I)c  iisi'd  as  a  part  of  the  Dewey  system,  but  no  numbers  have 
been  assigned. 

AI)\A  NIACINS   OF   A     TOl'ICAl,   CI.ASSI  !•  I  CATION 

In  looking-  t\)r  a  note,  referenee  or  other  bit  of  information, 
the  eommon  t^uidint^  idea  is  the  substance  matter  of  it.  The  aim 
of  a  topical  classification  is  to  classify  the  ideas  or  the  subjects 
of  thouj^ht,  and  not  special  words.  One  of  the  advantages  is 
that  articles  in  an}'  language  can  be  classified  with  ease  and  also 
that  persons  of  any  tongue  can  use  the  system.  The  general 
advantage  over  the  alphabetical  arrangement  is  apparent  when 
one  tries  to  classify  such  a  topic  as,  "Structural  Steel  Frames 
for  Alternators  of  European  Design."  This  would  require  filing 
in  four  to  six  places  in  an  alphabetical  system,  while  in  a  topical 
system  it  is  placed  under  "Frames"  of  "Dynamos,"  requiring  only 
one  card. 

ACTUAL  OPERATION 

It  is  desirable  to  use  the  card-index,  and  the  author  finds 
that  the  common  three  by  five  inch  or  the  seven  and  one-half  by 
twelve  and  one-half  centimeter  cards  are  satisfactory.  It  is  es- 
sential that  the  cards  be  of  uniform  height  and  accurately  cut 
and  it  is  therefore  advisable  to  purchase  all  cards  from  one 
manufacturer  and  secure  a  standard  wdiich  may  be  duplicated  at 
future  dates.  Economy  of  space  is  of  considerable  importance 
to  many  users  of  the  card-index  and  therefore  comparati^■ely 
thin  cards  are  advisable.  When  medium  or  thin  cards  are  em- 
ployed, it  is  generally  an  economy  to  use  the  best  grade  ,on  ac- 
count of  its  w^riting  and  erasing  qualities  and  the  durability  of 
the  edges.  A  fairly  rough  surface  is  desirable  if  the  cards  are 
to  be  typewritten.  Such  an  unfinished  surface  will  take  ink 
nicely  and  is  most  satisfactory  for  a  card  for  general  use.  The 
cost  of  material  is  so  small  that  the  best  cards  are  the  most 
economical  in  the  end. 

For  most  purposes  standard  horizontal  ruling  will  suffice. 
Small  clippings  may  be  pasted  to  the  cards  and  are  thus  readily 
handled.  Large  clippings,  curve  sheets,  small  pamphlets,  etc., 
should  be  placed  in  a  letter  file  or  some  vertical  file,  of  dust- 
proof  construction  if  possible.  This  file  is  preferably  arranged 
according  to  the  general  scheme  so  that  all  actual  material  on 
one  subject  will  be  in  one  place.     Some  prefer  to  arrange  such 
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references  and  also  books  in  serial  or  size  order,  assigning  serial 
or  shelf-numbers  and  making  out  a  card  for  the  card-index,  and 
referring  to  this  number.  The  author  prefers  to  have  all  ma- 
terial on  a  subject  in  one  place  so  far  as  the  nature  and  size 
will  permit,  i.  e.,  all  books  of  a  subject  together  in  topical  order 
on  shelves,  all  clippings,  pamphlets,  etc.,  in  the  same  way  in 
vertical  files,  and  cards  representing  these  in  proper  places  in 
the  card  index.  This  may  seem  trifling  at  first,  but  with  a  few 
years'  growth,  the  advantages  will  be  apparent  and  for  even 
a  moderate  private  library  it  is  essential.  On  account  of  its  con- 
venience one  almost  always  refers  to  the  card  index  first. 

GUIDE  CARDS. 

The  large  number  of  subdivisions  requires  a  corresponding 
number  of  guide  or  tab  cards.  Experience  has  shown  the  fol- 
lowing plan  to  be  satisfactory :  a  main  heading  such  as  "Genera- 
tion" on  a  "full-cut"  or  full-width  tal^  of  red  with  white  letter- 
ing, or  a  white  card  with  red  lettering;  the  first  subdivision,  such 
as  ■'!)}  namos  and  Motors"  on  a  full-cut  blue  tab  with  red  letter- 
ing; the  second  subdivision,  such  as  "Alternating  Current"  on 
a  half-cut  blue  tab  with  red  lettering ;  the  third  subdivision  as 
"Alternators"  on  a  ihird-cut  salmon  colored  tal)  with  black  let- 
tering-; and  the  fourth  dixision  as  "Turbo-Alternat(_ir"  on  a  fifth- 
cut  buff  colored  tall  with  black  lettering. 

All  this  seems  elaborate,  but  the  color  scheme  catches  the 
eye  and  is  a  time-sa\'er.  full}'  warranting  tlie  initial  trouble  and 
expense. 

h^ig.  I  shows  how  the  cards  and  lettering  appear  in  actual 
use  except  that  the  colors  do  not  show  in  the  print. 

RKFERENCK    CARDS 

The  heading  for  a  card  should  consist  of  a  word,  or  set  of 
words  or  symbols,  which  will  readily  catch  the  eye  and  should 
be  representative  of  the  body  of  the  card. 

In  commercial  indexes  there  should  be  a  guide  card  between 
every  ten  to  twenty  reference  cards;  thus  it  is  seen  that  after 
one  finds  the  proper  guide  card  he  is  dependent  on  the  reference 
card  heading  and  may  have  to  look  on  several  cards  to  find  tlv.' 
right  one.  This  shows  the  need  of  care  in  selecting  the  proper 
heading  for  reference  cards. 

As  an  example  take  an  article  on  "The  Inductor  .Mtcrnator 
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Under  Load,"  having  to  do  entirely  with  power-factor.  This 
card  eventually  will  be  placed  behind  the  guide  marked  "Induc- 
tor," consequently  the  catch  word  should  be  "Power-Factor 
under  load,"  so  the  mind,  being  on  "Inductor  Alternators,"  will 
be  immediately  drawn  by  the  "Power- Factor"  phase  of  the  sub- 
ject. 

The  heading  should  be  followed  on  the  same  or  next  line 
by  the  author's  name  and  then  by  concise  statements  in  phrases 
— not  sentences — giving  a  description  of  the  article,  data  or 
other  note.  If  this  refers  to  a  book  or  a  clipping  it  should  be 
noted  in  some  particular  and  standard  location.  The  author 
has  found  it  convenient  to  place  this  in  the  lower  left-hand 
corner,  using  symbols  as  used  by  others  to  indicate  number  of 
\vords,  photographs,  etc.,  and  here  is  added  the  journal  or  book. 


riG.    I — CARD-INDEX   ARRANGED  ACCORDING  TO  THE  TOPICAL  CLASSIFICATION 


giving  page,  etc.  Good  standard  S3'mbols  are  the  following: 
"T"  for  tables,  "C"  for  curves,  "D"  for  diagrams,  "I"  for  illus- 
trations and  "W"  for  words.  A  convenient  way  is  to  have  a 
rubber  stamp,  with  blanks  following  these  symbols,  and  if  one 
is  indexing  many  articles  from  one  publication,  its  name  may  be 
printed  as  shown  on  the  sample  card.  Fig.  2. 

Often  a  note  or  reference  will  be  found  to  touch  on  several 
subjects.  If  these  are  treated  in  an  important  manner,  each 
should  be  given  a  card  and  filed  in  its  individual  place.     Often 
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an  article  contains  remarks  which  may  apply  to  several  allied 
subjects.  Such  an  article  might  treat  of  power-factor  of  "Alter- 
nating Current  Machines"  and  may  apply  to  all  alternators,  to 
synchronous  motors,  etc.  In  this  case  it  should  fall  directly  be- 
hind the  next  superior  heading,  or  "Alternating  Current." 

If  a  reference  applies  to  headings,  not  in  the  same  part  of 
the  index,  as  "Commutators"  in  general,  it  should  be  filed  under 
one  heading  as  "Dynamos  and  Motors"  and  reference  should  be 
made  on  such  guide  cards  as  "Rotary  Converters,"  and  other 
machines  having  commutators  in  order  that  common  topics  may 
always  be  found  in  one  place  and  there  alone.  This  is  the  sim- 
plest solution  of  an  unavoidable  difficulty. 

Any  one  who  has  tried  to  use  the  alphabetical  index  to  any 
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FIG.    2 — SAMPLE    CARD 

tt'clmical  ]ud)lication  knows  the  difticully  experienced  in  tinding 
all  articles  which  have  to  do  with  any  given  topic.  This  being 
recognized  it  was  thought  that  the  value  of  The  Ei-Ecruic 
joi-RXAi-  would  be  increased  if  its  articles  were  intlexed  accord- 
ing to  the  above  topical  classitication.  Such  an  inde.x.  covering 
in  one  list  the  articles  in  the  first  two  volumes  of  the  Jourxaf., 
has  been  prepared  and  notice  of  it  appears  elsewhere  in  this 
issue. 

In  conclusion,  tlie  author  wishes  to  express  his  indebte^l- 
ness  to  many  for  the  appreciative  criticism  and  suggestions 
which   follo^A■^(l   the  earlier  i)ul)licalion  (^f  this  sid^'ect. 


HOW  TO  MAKE  A  SLIDE-RULH  FOR  WIRING 
CALCULATIONS 

E.  P.  ROBERTS 

IN  a  recent  number  of  tlie  J(jurnal  Mr.  Y.  Sakai  gives  instruc- 
tions for  the  use  of  the  ordinary  sHde-rule  for  wiring  calcula- 
tions. Probably  most  engineers  carry  these  slide-rules  with 
ihcm  and  can  have  them  marked  for  wiring  calculations.  But  a 
very  simple  slide-rule  can  be  made  quite  easily  and  the  author  has 
often  found  it  very  convenient.  This  rule  was  copyrighted  by  the 
author  in  1894  and  a  considerable  number  were  made  and  sold, 
though  it  is  not  now  on  the  market. 

The  rule  is  based  on  the  fact  that  No.  10  wire  has  a  resistance 
of  practically  one  ohm  per  thousand  feet,  and  therefore  with  No. 
10  wire  I  000  ampere  feet  would  give  10  volts  loss.  Also  No.  10 
wire  has  practically  10  000  circular  mills  cross-section,  and  the  size 
of  the  wire  doubles  for  each  third  size  larger.  For  example,  No. 
7  wire  has  twice  the  cross-section  (and  weight)  of  No.  10  wire  and 
each  size  has  eight-tenths  of  the  cross-section  of  the  next  larger 
size.     The  rule  may  be  constructed  as  follows: 

On  a  piece  of  paper  draw  two  vertical  lines  as  in  Table  I, 
thereby  obtaining  three  columns.  Over  the  first  column  mark,  "Size 
of  Wire";  over  the  second  column,  "Volts  Loss";  and  over  both 
second  and  third  columns  mark,  "Ampere-Feet  and  Circular  Mils." 

In  the  first  column  write  the  size  of  wire,  carrying  the  num- 
bers to  any  desired  sizes.  500  000  circular  mils  is  generally  as  large 
as  used. 

Then  on  down  this  column  put  each  size  smaller  as  400000, 
320000,  250000,  No.  0000,  No.  000.  etc.,  down  to  as  small  as  de- 
sired. No.  17  being  as  small  as  will  be  of  use  in  wire  calculations. 

Then  opposite  10  in  the  first  column  put  10  in  the  second 
column,  and  000  in  the  third  and  place  an  arrow-head  on  the  line 
under  the  10  in  the  first  column.  Three  lines  above,  opposite  No. 
7,  place  20  in  the  second  column,  000  in  the  third.  The  reason  for 
this  is  evident  as  No.  7  has  twice  the  number  of  circular  mils  as 
No.  10.  Then  on  the  third  line,  above  No.  7,  opposite  No.  4,  write 
40  in  the  second  column  and  000  in  the  third.  Continue  on  up- 
wards and  also  downwards  in  the  same  manner.  To  fill  in  the  un- 
marked   spaces    start    with    No.    8,    remembering   that    No.    8    has 
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eight-tenths  the  cross-section  of  Xo.  7,  write  16  in  the  second 
column  and  000  in  the  third.  And  for  Xo.  9  remember  that  it  has 
25  per  cent,  more  cross-section  than  Xo.  10,  write  12  in  the  second 
cohmm  and  500  in  the  third.  The  easiest  way  to  fill  in  the  balance 
of  the  spaces  in  the  table  is  to  double  or  halve,  as  the  case  may  be, 
the  figures  given  opposite  the  numbers  8  and  9  and  continue  up 
and  down  as  when  starting  with  the  Xo.  10  size. 

\\\i\\  the  tabulation  completed  it  may 
be  seen  that  opposite  the  X"o.  10  size  is 
the  number  10  000,  which  is  approximate- 
ly the  number  of  circular  mils  for  that  size 
of  wire.  The  same  is  true  for  the  other 
sizes.  As  already  pointed  out.  No.  10  wire 
will  give  10  volts  drop  for  10  000  ampere- 
feet,  and  consequently  the  figures  in  the 
second  and  third  columns  opposite  any 
sized  wire  represent  the  number  of  ampere- 
feet  for  a  calculation  showing  10  volts 
loss. 

This  table  can  be  converted  into  a  slide- 
rule  by  cutting  along  the  line  between  the 
first  and  second  columns.  Then  to  use  the 
rule,  all  that  is  required  is  to  put  the 
arrow-head  on  the  line  below  the  figures 
representing  volts  loss  allowable  and  op- 
posite ampere-feet  will  be  found  the  size 
of  the  wire  required.  This  at  first  sight 
may  seem  to  be  a  lengthy  proceeding,  but 
as  the  basis  is  exceedingly  simple,  it  will 
l)e  found  that  it  takes  less  time  to  make 
the  rule  than  it  does  to  read  the  explana- 
tion. 

Example: — Suppose  a  feeder  with  three  branches;  branch  A, 
100  feet  long,  to  carry  20  ami)eres  ;  branch  B.  50  feet  long,  to  carry 
100  amperes;  Branch  C,  200  feet  U>ng,  to  carry  300  anij>crcs ;  and 
the  feeder,  i  000  feet  long,  to  the  junction  with  the  branches.  The 
ampere-feet  will  evidently  be  for  A.  4000;  for  T'.  to 000;  for  C, 
12000.  and  for  the  feeilcr.  S_1()(HH).  if  two  volls  is  llie  permissible 
loss  in  each  branch,  run  the  arrow-head  down  to  the  line  under  2. 
in  the  second  colunm,  and  then  opposite  4  00ti  ampere-feet  will  be 
found  No.  7 ;  and  opposite  10  000,  No.  3  ;  and  opposite  the  nearest 
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nunil)fr  to  12000,  No.  2.  If  10  volts  loss  be  allowed  in  the  feeder, 
run  the  arrow-head  to  the  line  under  10  in  the  second  column  and 
it  will  be  seen  that  400000  circular  mils  is  slightly  smaller  than  re- 
quired for  half  the  ampere-feet.  Therefore,  at  least  two  400000 
circular  mil  wires  must  be  used.  The  practical  man  will  note  that 
the  sizes  7  and  3  are  odd  sized  wires  and  because  of  the  possible 
difficulty  in  obtaining  them  will  use  the  next  size  larger  or  the  next 
size  smaller,  and  in  this  consideration  he  will  also  refer  to  the  in- 
surance rules  as  to  the  carrying  capacity,  providing  the  wires  are 
to  go  in  buildings.  These  latter  points  are,  however,  independent 
of  the  calculations. 

The  above  method  is  sufficiently  accurate  for  all  practical  pur- 
poses as  it  is  seldom  that  the  amperes  can  be  predicted  accurately 
or  that  they  remain  constant  within  four  (4)  per  cent.,  which  is 
practically  the  error  of  this  rule  when  using  soft  copper  wire. 

In  order  to  obtain  the  resistance  of  a  wire,  remember  that  No. 
10  has  a  resistance  of  one  ohm  per  thousand  feet  and  the  resistance 
of  other  sizes  will  be  inversely  proportional  to  the  cross-section  in 
circular  mils. 

To  obtain  the  weight  remember  that  No.  5  solid  wire  weighs 
100  lbs.  per  thousand  feet. 

A  convenient  rule  which  naturally  follows  from  the  explana- 
tion given  of  the  slide-rule  is  as  follows : — 

If  copper  wire  be  used  having  circular  mils  equal  to  the 
ampere  feet,  then  the  loss  will  be  ten  volts.  The  loss  for  other 
sizes  will  be  inversely  proportionate  to  the  circular  mils. 


APPROXIMATE  RESISTANCE  OF  COPPER  WIRE.* 

The  acconipan3'iue  wire  table  gives  the  approximate  ohms  per  thousand 
feet  of  copper  wire  B.  &  S.  gauge.  It  will  be  noted  as  the  wire  becomes  small- 
er, every  third  size  (vertical  columns)  has  double  the  resistance;  also  that 
every  tenth  size  (horizontal  lines)  has  ten  times  the  resistance. 
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80 

*A  new  arrangement  of  the  original    table    published    in    The    Electric 

Journal,  Vol.  II.,  p.  22. 
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COMMUTATORS  AND  COMMUTATOR 
BUILDING'- 

PHYSICAL    AND    OTHER    QUALITIES    DE- 
MANDED   BY    THE    COMMUTATOR 

Of  the  commutator  as  a  whole : 

One  requirement  is  that  it  shall  pos- 
sess such  mechanical  properties  as  will 
be  found  in  a  body  of  the  same  shape 
and  size  turned  out  of  one  solid  piece  of 
material. 
Of  the  parts,  Bars  : 

(a)  The  first  and  most  important  re- 
quirement of  the  commutator  bar  is  that 
it  shall  be  made  of  material  possessing 
high  heat  conductivity.  This  is  rather 
different  from  the  popular  conception  of 
the  commutator  bar  according  to  which 
electrical  conductivity  is  suposed  to  be 
the  prime  requirement.  Occasionally  the 
design  of  the  bar  becomes  such  that  elec- 
trical conductivity  becomes  a  require- 
ment demanding  attention,  but  in  the 
great  majoritj^  of  cases,  if  the  conditions 
imposed  by  the  requirements  of  ade- 
quate heat  conductivity  are  made,  the 
bar  has  sufficient  electrical  conductivity. 
Copper  is  therefore  universally  used  for 
commutator  bars  on  account  of  its  ex- 
cellent heat  conductivit}'. 

(b)  Second  in  importance  among  the 
qualities  demanded  of  the  commutator 
bar  may  be  placed  a  high  elastic  limit. 
This  is  especially  important  in  view  of 
recent  advances  in  high  speed  commu- 
tator work,  noticeably  in  direct-current 
turbo-generators.  In  order  to  obtain  a 
high  elastic  limit,  hard  drawn  copper  is 
used.  For  the  most  extreme  require- 
ments, the  hard  drawn  copper  is  subse- 
quently put  through  several  rolling  oper- 
ations which  slightly  increase  its  hard- 
ness. Bronzes  containing  a  high  per- 
centage of  copper  have  been  used  to  a 
slight  extent  for  conunutator  bars  where 
a  particularly  high  elastic  limit  is  desir- 
ed, but  these  have  not  in  general  given 
satisfactory  results.  Hard  drawn  copper 
commutator  bars  should  never  be  ex- 
posed to  such  temperatures  as  will  an- 
neal the  copper.  Temperatures  above 
250  degrees  C.  seriously  affect  the  elas- 
tic limit  of  copper,  while  at  temperatures 
above  400  degrees  C.  the  elastic  limit  is 
greatly  reduced. 

(c)  Commutator  bars  should  gauge 
very  exactly  in  all  parts.  The  term 
"gauge"  usually  indicates  "thickness  of 
the  bar."  The  bars  should  closely  ap- 
proximate the  designed  gauge  at  both 
the  thicker  and  tliinner  drawn  edges  as 
variations   in   building   up  are  usually  in 

*An  abstract  of  a  talk  before  the  Di- 
rect-Current Section  of  The  Electric 
Club. 


the  same  direction  and  so  cumulative  in 
effect.  It  is  evident  that  in  a  commu- 
tator of  a  large  number  of  bars  serious 
variations  in  diameter  may  result  from 
variations  in  bar  gauge.  The  proper 
angle  between  the  sides  of  the  bar  must 
also  be  carefully  maintained.  For  in- 
stance, if  the  gauge  of  the  thicker 
drawn  edge  is  one  mil  heavy,  the 
gauge  of  the  thinner  drawn  edge  should 
be  at  least  one-half  mil  heavy.  A  very 
considerable  difficulty  is  met  with  in 
commutator  construction  due  to  the  fact 
that  in  the  process  of  drawing,  the  cen- 
tral part  of  the  bar  draws  more  readily 
than  the  edges.  The  sides  of  the  bar, 
instead  of  being  plain  surfaces,  are 
curved;  and  the  cross  section  of  the 
commutator  bar  therefore  becomes,  in- 
stead of  a  wedge  with  plain  sides,  a 
wedge  with  concave  sides.  This  concav- 
ity in  the  sides  of  the  bar  is  serious  if 
it  exceeds  one  or  two  mils. 

(d)  Approximate  straightness  of  com- 
mutator bars  when  received  by  a  manu- 
facturing company  is  of  considerable  im- 
portance. The  commutator  bar  when 
ready  for  assembling  must  be  approxi- 
mately straight.  Practically  no  bars 
when  received  are  in  this  condition  as 
the  process  of  drawing  itself  gives  to  the 
bar  slight  curvature  along  the  line  of  its 
length.  Curvatures  of  large  radius  can 
be  straightened  by  laying  the  bar  on  a 
smooth  steel  plane  and  carefully  ham- 
mering the  bar  at  the  proper  point  with 
an  annealed  copper  or  lead  hammer. 
Sharp  kinks  or  bends  of  short  radius  re- 
sulting from  improper  packing  and 
careless  handling  in  shipment  can  never 
be  properly  removed  from  a  bar.  The 
shipment  of  commutator  copper  there- 
fore demands  some  attention.  Bars  of 
any  considerable  length  should  be  so 
packed  as  to  be  tightly  wedged  in  the 
shipping  case. 

Strips — (a)  Proceeding  to  the  com- 
mutator strip,  the  prime  thing  is  the 
heat  requirement.  The  conunutator 
strip  must  not  be  affected  by  the  heat  of 
service.  For  this  reason,  mica  is  the 
material  almost  universally  used  at  the 
present  time  for  conunutator  strips.  The 
dielectric  strength  required  in  the  com- 
nuitator  strip  is  so  slight  that  it  need 
not  be  considered  in  design.  Contrary 
to  the  popular  conception,  mica  in  all  its 
various  uses  is  employed  on  account  of 
its  non-deterioration  under  severe  heat, 
and  practically  never  on  account  of  its 
dielectric  strength. 

(b)  A  second  most  important  quality 
demanded  of  the  conunutator  strip  is 
that  it  shall  wear  under  the  brushes  so 
as  to  keep  pace  with  the  wear  of  the  cop- 
per bar.     The  past  history  of  commutat- 
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ing  machines  shows  this  to  have  been  a 
very  fruitful  cause  of  trouble.  Again 
and  again  the  fault  of  high  insulation 
has  developed,  the  danger  sign  being  a 
blackening  of  the  commutator.  Much 
of  the  trouble  with  high  insulation  can 
be  traced  to  the  use  of  improper  grades 
of  mica  in  the  manufacture  of  commu- 
tator strip.  The  American  (North  Car- 
olina and  Southern)  micas  are  abso- 
lutely unfitted  for  this  work  and  will 
usually  give  trouble  in  the  best  commu- 
tating  machines.  The  use  of  India 
white  mica  in  strip  manufacture  will 
also  give  the  trouble  of  high  insulation 
in  all  machines  except  such  as  have  un- 
usually fine  commutation.  The  best 
micas  for  commutator  strip  work  are 
some  of  the  India  and  Ceylon  green 
micas  and  the  Canadian  amber  mica.  A 
proper  mica  for  commutator  strip  manu- 
facture should  have  an  approximate 
hardness  of  not  moTe  than  three  as  rated 
by  Mho's  scale.  The  liability  of  high 
insulation  is  decreased  by  splitting  the 
mica  into  thinner  laminations  in  the 
manufacture  of  the  built-up  mica  strip. 
In  many  and  perhaps  most  machines  the 
India  white  mica  will  give  satisfactory 
results'  if  the  strip  is  built  from  splittings 
less  than  one  mil  in  thickness. 

(c)  The  total  thickness  of  the  com- 
mutator strip  is  also  a  factor  affecting 
in  a  lesser  degree  the  question  of  high 
insulation.  Thick  commutator  strips 
are  more  liable  to  develop  this  trouble. 
The  thickness  that  long  experience  in 
commutator  manufacture  has  shown  to 
give  the  best  all  around  results  is  ap- 
proximately one  thirty-second  of  an 
inch. 

(d)  It  is  of  vital  importance  that  com- 
mutator strips  of  built-up  mica  should 
not  contain  an  excess  of  bond.  One  of 
the  most  commonly  employed  tests  of 
the  quality  of  a  sheet  of  built-up  mica 
is  to  strike  it  sharply  with  the  knuckles. 
Micanite  when  so  struck  should  give 
out  a  dead  sound  as  that  of  a  board; 
mica  which  gives  a  metallic  ring  when 
struck  with  the  knuckles  almost  in- 
variably contains  an  undue  amount  of 
bond  and  should  not  be  used  in  commu- 
tator work.  With  built-up  mica  of  the 
proper  quality,  no  bond  (adhesive  ma- 
terial) can  be  squeezed  out  from  the 
strip  during  the  heating  and  tightening 
incident  to   commutator  building. 

(e)  The  commutator  strip  should  be 
reasonably  exact  to  gauge  and  any  set  of 
strips  should  average  a  very  close  ap- 
proximation to  the  designed  thickness. 

Insulating  V-Ring — The  prime  req- 
uisite of  the  insulating  V-ring  is  that  it 
be  not  affected  by  the  heat  of  service. 
On  this  account,  built-up  mica  is  the 
material    generally    used.      The    V-ring 


must  also  have  mechanical  strength  un- 
der compression. 

Metal  V-Ring,  Bush  and  Nut — 
These  parts  must  possess  sufficient  me- 
chanical strength.  The  problem  of 
strength  is  largely  settled  by  the  de- 
signer when  he  determines  the  material 
and  exact  size.  Cast  iron  is  the  material 
most  generally  employed.  For  large 
commutators,  steel  is-  usually  employed. 
In  some  small  work  where  economy  of 
space  is  important,  cast  brass  is  often 
used.  The  shape  of  the  bush,  forming 
as  it  does  the  rear  metal  V,  is  an 
especially  difficult  form  to  cast.  On  ac- 
count of  the  uneven  cooling  of  the  cast- 
ing due  to  its  shape,  the  steel  bush  is 
especially  liable  to  shrinkage  holes  and 
spongy  structure.  This  difficulty  is'  also 
experienced  to  a  certain  extent  in  iron 
castings.  On  this  account  it  is  cus- 
tomary to  sand-blast  steel  and  iron  cast- 
ings of  these  parts,  carefully  examining 
the  same  and  rejecting  such  as  show  in- 
dication of  shrinkage  spots  or  spongy 
structure.  A  second  and  obvious  re- 
quirement of  these  commutator  parts-  is 
accurate  fit.  This  is  usually  attained  by 
care  in  the  machining  operations. 

points  to  be  noted  in  manufacture 

It  is  not  intended  here  to  go  into  any 
detailed  account  of  the  steps  of  com- 
mutator manufacture.  The  following 
points  are,  however,  worth  noting : 

The  "baking"  of  the  commutator,  as 
it  is  commonly  termed,  might  more 
properly  be  called  "adjusting  of  strips." 
With  mica  strips  of  the  proper  quality, 
the  baking  operation  is  not  made  either 
to  expel  moisture  or  to  get  rid  of  an  ex- 
cess of  bond.  The  sole  reason  for  "bak- 
ing'' a  commutator  is  to  adjust  the  mica 
strips  to  the  inequalities  of  the  copper. 
If  this  is  not  done  during  the  process  of 
manufacture,  the  strips  will  adjust  them- 
selves under  the  conditions  of  service. 
The  amount  of  adjustment  in  each  strip 
is  small,  usually  about  one  mil.  These 
adjustments,  however,  are  in  the  same 
direction,  being  equivalent  to  a  shrink- 
age of  the  strip  and  are  therefore  likely 
to  produce  a  loose  commutator. 

For  a  similar  reason  to  those  given 
above,  the  mica  V-ring  should  be  heated 
when  in  final  position,  producing  a  like 
adjustment.  The  principle  of  adjust- 
ment of  built-up  mica  to  inequalities  in 
the  metal  surface  depends  on  the  fact 
that,  when  the  bond  is  sufficiently  soft- 
ened, built-up  mica  will  flow  under  pres- 
sure. The  temperature  to  which  a  com- 
mutator should  be  heated  for  adjusting 
strips  and  V-rings  is  that  at  which  the 
dissolved  gum  of  the  bond  is  in  its  most 
fluid  state.  For  a  shellac  bond,  this  tem- 
perature is  125  to  150  degrees  C. 
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The  law  of  inverse  squares,  so  familiar  in  connec- 
Tube  tion  with  common  forms  of  lamps,  does  not  apply 

Illumination    unless  the  light  be  emitted  from  a  point.     New  con- 
ditions, both  mathematical  and  practical,   are   en- 
countered when  the  source  of  light  is  a  luminous  tube. 

An  ideal  economical  illumination  should  be  based  upon  the 
following  conditions : 

(i)  For  a  given  expenditure  of  energy  a  maximum  quantity 
of  light  impinging  upon  the  sensitive  portion  of  the  eye. 

(2)  Approximate  uniformity  of  illumination  throughout  dif- 
ferent parts  of  the  area  to  be  lighted. 

(3)  A  moderate  variation  in  the  intensity  of  light  from  dif- 
ferent directions  at  each  point. 

Neglecting  the  efificiency  of  the  source  itself,  the  first  principle 
requires  a  maxinunn  opening  of  the  pupil  of  the  eye  as  well  as  the 
best  forms  of  reflectors  and  reflecting  surfaces ;  the  light  entering 
the  eye  being  that  reflected  from  the  object  in  view  itself  and  not 
the  quantity  of  light  entering  the  eye  when  observing  the  original 
source  of  light.  Experience  shows  that  any  intense  spot  of  light, 
iiowcver  small,  as  for  instance,  an  arc  lamp,  or  even  the  filament 
of  an  incandescent  lamp,  causes  a  contraction  of  the  pupil  of  the 
eye  in  order  to  protect  the  sensitive  portion  of  the  eye.  The  pres- 
ence of  bright  spots  in  the  field  of  vision  keeps  the  opening  of  the 
pLipil  normally  more  or  less  contracted,  even  though  the  eye  only 
occasionally  looks  directly  at  the  bright  spot,  and  thus  diminishes 
the  effective  illumination  from  the  object  in  view.  Conversely,  with 
a  given  illumination,  the  absence  of  the  arc  and  to  some  extent  in- 
candescent lamps  too.  will  greatly  increase  the  amtMuit  of  ligh<^ 
utilized  by  the  eye. 

Furthermore,  the  presence  of  dazzling  point  lights  reduces,  at 
least  temporarily,  the  sensitiveness  of  the  eye  itself,  thus  again  re- 
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diiciii.iL;'  llic  c'lTri.-li\c'iK-.->  i>|'   llir   illuiniiiatii;n. 

Ill  llir  C  ni)])(,r  lUwiu  iiuTciirx  \a])Mr  lain]),  llic  sounx-  i>\  lij^lit 
is  (lislril)utc'(l  uiiilDniil\-  over  a  vcr\  large  area  and  cnal^k-s  the 
])U])il  of  the  eye  to  remain  wide  ()i)en.  so  that  a  niaxiimini  use  can 
he  made  of  the  aetual  aiiioimt  of  li.^iu.  h'urthermore.  the  normal 
intensity  of  the  tuhe  itself  is  so  low  that  after  lookin_sj:  steadily  at 
the  lamp  the  e\e  is  not  dazzled,  and  can  readily  see  less  1:)rilliantly 
illuminated  ohjects.  The  net  rL'sult  of  these  conditions  is  that  the 
vapor  lam])  has  a  great  advantage  in  efticienc}'  over  arc  and  incan- 
(iescent  lam])s,  quite  aside  from  the  relatively  small  value  of  watts 
leqnired  ])er  candle  ])o\\cr. 

A  suhstantially  uniform  illuminati(jn  throughout  a  sjjace  is.  of 
course,  imi)ortant,  since  its  minimum  strength — not  the  average 
strength — is  the  criterion.  I'r.even  distributions  not  only  give  a 
low  minimum,  but  the  contrast  with  the  l^righter  parts  still  further 
reduces  the  actual  usefulness  of  the  light  at  the  minimum  point. 
Difficulties  of  this  kind  are  usually  overcome  by  distributing  a  large 
iiumber  of  point  illuminants.  This  method  is  cx])ensive,  both  in 
increasing  the  wiring  and  the  cost  of  lamps,  since  small  units  are 
usually  more  costly  in  proportion  than  large  units.  '  In  the  matter 
of  distribution,  the  Cooper  Hewitt  lamp,  especially  the  longer  tube, 
has  an  advantage  in  that  the  law  of  inverse  scjuares.  stating  that 
tlie  intensity  of  the  light  is  inversely  pro]X)rtional  to  the  square  of 
the  distance  from  the  source,  holds  only  with  sources  mathematical- 
ly a  point.  The  length  of  the  Cooper  Hewitt  tube  is  such  as  to 
cause  the  intensity  of  the  light  to  decrease  much  less  ra])i(lly  with 
distances  from  the  lamp  than  with  an  arc,  a  consideration  which 
easilv  leads  to  the  question  of  shadows. 

An  object  illuminated  by  light  from  a  mathematical  jxiint, 
which  substantially  represents  an  arc  lam]),  casts  a  very  deep  sharj) 
shadow.  In  the  case  of  the  tubular  light,  since  the  source  is  dis- 
tributed over  such  a  coni^iderable  space,  no  definite  shadow  will 
be  found.  It  is  true  that  an  object  may  obstruct  light  even  from 
a  Coo]K'r  Hewitt  tube,  but  a  si)ot  in  shadow  from  one  portion  of 
a  luminous  tube  is  lighted  from  other  i:)arts :  the  net  result  being 
that  with  tiie  Cooi^er  Hewitt  light,  no  sharp  or  deep  shadows 
are  jjroduced,  exce])t  close  behind  large  objects.  This  point  is 
found  to  be  of  great  practical  value.  It  is  obviously  necessary  to 
have  a  diiTerence  in  the  strength  of  the  light  coming  from  different 
(hrections  ui^on  an\  surface:  otherwise  no  detail  could  be  seen,  since 
cverv  ])art   would  retlcct  the  same  amount  of  light  as  every  other 
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part.  On  the  other  hand,  if  the  Hght  from  one  (hrection,  predomi- 
nates very  much  over  the  Hght  from  other  directions,  very  deep 
shadows  will  be  cast,  within  which  there  will  not  be  light  enough 
to  see  details  clearly.  Practicall}-  there  is  little  difficulty  found  ex- 
cept in  special  cases  from  too  uniform  a  distribution  of  light,  for 
no  method  of  artificial  illumination  has  yet  been  found  which  will 
give  anything  like  uniformity  in  all  directions  at  all  points.  Nearly 
all  commercial  installations  have  too  great  a  contrast  in  shadows, 
rather  than  too  small.  The  results  obtained  by  the  use  of  the 
Cooper  Hewitt  tube  seem  to  be  nearer  the  ideal  mean  for  most 
work  than  those  from  any  other  artificial  light. 

It  should  be  remembered  in  this  connection  that  in  all  cases 
where  accurate  judgment  has  to  be  made  of  colors,  and  in  many 
other  cases  where  conditions  are  extreme,  other  feature?  than  those 
discussed  predominate  in  the  choice  of  the  best  form  of  lighting. 

PeKCV    H.    TlKiMAS 


*      The  wide  scope  of  the  work  of  the  electrical  cngi- 
Telephone  neer   is  admirably   illustrated   in   the  ]iaper  l)y   Mr. 

Engineering  C"art\-  before  the  b"el)ruary  meeting  of  the  Ameri- 
can Institute  of  Electrical  Engineers.  Mr.  Carty 
is  the  chief  engineer  of  the  Xew  York  Telei^hone  Company,  and 
llie  engineering  work  of  what  is  probably  the  must  mHable  tele- 
])ii(>ne  installation  in  the  world  is  under  his  direction,  and  he  is 
recognized  as  one  of  the    foremost  among  telei^lione  engineers. 

Among  nian\  juMple  the  idea  of  telephone  engineering  cin'ers 
an  electrical  ae(|naintance  with  transmitters,  receivers,  batteries, 
magnets  and  switchboards.  Tlie  minor  importance  which  Mr. 
C'arly  assigns  to  jnu'ely  electrical  features  is  indicated  b\  the  single 
sentence  with  whieli  he  dismisses  this  phase  of  the  subject.  "".V 
good  knowledge  of  electrical  laws  and  a  fair  ac(|uainlance  with 
electrical  machinery  may  be  gained  in  o.:r  electrical  schools  and 
graduates  from  them  are.  as  a  rule.  ]  roiicient  in  these  mailers, 
lie  then  proceeds  to  lake  up  other  f:;clors.  the  existence  i^\  which 
is  not  generalK    recognized. 

.■\s  an  e.\anii)le  of  the  real  problem  in  telephone  engineering 
ihe  case  of  Xew  ^'ork  t'it\  is  taken.  The  first  ([ueslion  to  tlecide  is 
the  ])eriod  of  time  which  should  be  taken  and  for  which  the  construc- 
tion  is   t'.»   be   planned.      This   includes   ihe   exjieclations   of  growth. 


124  TH^  ELECTRIC  JOURNAL 

the  probable  number  of  lines  which  will  be  required,  the  distribu- 
tion of  lines  in  different  parts  of  the  city  and  surrounding  territory, 
the  size  and  number  of  central  offices,  which  in  turn  are  depend- 
ent upon  the  volume  of  service  and  its  distribution  throughout  the 
day  in  different  parts  of  the  city.  Closely  related  to  these  matters 
is  a  study  of  the  switchboard  conditions.  This  again  is  closely 
related  to  the  method  of  charging  for  service  and  the  general 
business  policy,  as  a  flat  rate  or  a  measured  service  will  bring  dif- 
ferent requirements  upon  the  switchboard,  both  as  to  its  type  and 
its  capacity.  In  considering  the  type  of  cable  not  only  must  the 
proper  standard  of  transmission  be  maintained  but  the  type  should 
be  selected  which  vv'ill  secure  the  best  mechanical  conditions  for 
hauling  in  and  out  of  ducts  and  the  construction  which,  both  elec- 
trically and  mechanically,  will  require  the  minimum  of  attention 
and  maintenance.  We  are  reminded  that  telephones  do  not  deal 
with  infinitely  small  currents  to  the  exclusion  of  others,  as  a  loooo 
line  switchboard  requires  a  storage  battery  with  a  safe  discharge 
capacity  as  high  as  2000  amperes. 

The  telephone  engineer  comes  in  contact,  in  one  way  or 
another,  with  various  branches  of  electrical  engineering  and  with 
mechanical  construction,  operating  methods,  business  policy  and 
human  nature. 

The  same  kind  of  foresight  which  he  must  exercise  in  plan- 
ning for  the  future  is  called  for  in  other  branches  of  electrical 
work.  How  to  plan  for  the  conditions  and  demands  which  wall 
arise  in  ten,  or  fifteen,  or  twenty  years  when  the  number  of  tele- 
phones in  service  is  doubling  in  about  three  years  is  no  simple  prob- 
lem. Possibly  the  problem  of  the  future  has  been  forced  upon  the 
telephone  engineer  with  greater  emphasis  than  upon  the  lighting 
and  power  branches  of  electrical  engineering.  It  is  not  infrequent- 
ly the  case  that  power  house  and  distributing  circuits  are  soon 
overloaded  and  it  is  then  found  that  no  intelligent  provision  for 
increase  in  capacity  has  been  made,  plans  do  not  admit  of  expan- 
sion, and  reconstruction  is  the  costly  penalty  of  past  errors. 

One  of  the  important  conclusions  to  be  drawn  from  Mr. 
Carty's  paper,  aside  from  the  broad  scope  of  telephone  engineer- 
ing work  is  the  importance  of  imagination  in  engineering  and  the 
value  of  intelligent  foresight. 

Chas.  F.  Scott 
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Mr.  Harvey's  article  in  this  issue  deals  with  "Fuses," 

Fuses  a  class  of  auxiliary  electrical  apparatus  of  very  ex- 

tended and  important  use.  Any  installation  of 
electrical  apparatus,  whether  simple  or  complex,  should  be  protect- 
ed by  a  device  that  will  automatically  open  the  circuit  under  an 
abnormal  condition  which  would  damage  other  apparatus.  The 
fuse  is  the  most  elementary  form  of  device  for  doing  this  work  and 
in  its  simplest  construction,  is  a  comparatively  inexpensive  link  in 
the  circuit,  which  is  itself  destroyed.  Fuses  were  first  made  of 
metals  with  a  low  melting  point,  such  as  lead,  but  later  it  was  found 
that  especially  for  large  capacities,  other  metals,  such  as  copper 
and  aluminum,  were  better  adapted,  on  account  of  the  less  volume 
of  material  to  be  melted,  when  the  fuse  was  blown. 

The  cartridge,  or  enclosed  fuse,  very  effectively  takes  care  of 
the  objectionable  features  attending  the  blowing  of  an  open  fuse- 
chief  of  which  are  the  spattering  of  melted  metal  and  the  attendant 
fire  hazard. 

For  higher  voltages,  the  ordinary  form  of  fuse  is  not  well 
suited  on  account  of  the  wide  spacing  of  the  terminals  necessary 
to  insure  that  the  arc  will  not  hold  over  when  the  fuse  is  blown. 
To  provide  for  this  kind  of  service,  the  expulsion  type  of  fuse  \\as 
developed.  In  this  way,  a  comparatively  compact  device  can  be 
made.  The  same  end  is  accomplished  by  the  use  of  the  magnetic 
blow-out  principle,  but  on  account  of  the  added  expense,  this  is 
applied  only  in  special  cases,  such  as  in  replacing  large  fuses  for 
car  service. 

The  other  form  of  device  for  automatically  protecting  appara- 
tus is  the  circuit  breaker.  Its  operation  differs  from  that  of  the 
fuse,  chiefly  in  that  it  is  instantaneous  in  action,  whereas  the  fuse 
has  a  time  element.  Circuit  breakers  for  low  voltages  are  of  the 
air  type,  but  for  high  voltages,  the  general  practice  is  to  use  the 
oil  type  of  circuit  breaker. 

For  currents  up  to  about  600  amperes,  either  fuses  or  circuit 
breakers  may  be  used,  but  for  larger  currents,  circuit  breakers  are 
always  used. 

For  currents  within  the  range  of  application  of  fuses,  the  ques- 
tion of  whether  a  fuse  or  a  circuit  breaker  should  be  used  depends 
upon  a  great  many  conditions.  A  fuse  has  a  time  element  and 
its  first  cost  is  low,  but  each  time  the  fuse  blows,  there  is  the  ex- 
pense of  renewal.  The  circuit  breaker  is  instantaneous  in  action 
and  can  be  set  to  open  at  different  currents  within  its  range,  and 
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though  its  first  cost  is  his/her  than  thai  of  ilu-  fusi-,  it  ijcrtoniis  its 
functions  of  opcuini;"  the  circuit  main  tinio  williout  additional 
expense. 

( )n  acount  of  the  very  s^reat  losses  which  may  l)e  caused  l)y 
overloads  or  short-circuits,  llie  function  of  the  automatic  ])rotective 
device  is  an  exceedinoly  important  one  and  too  much  care  cannot 
he  exercised  in  its  selection.  It  is,  however,  t^ratifyin^s^  to  know 
that  a  ])roperly  designed  fuse  or  circuit  hreaker  can  he  de])(,-nded 
upon  to  open  the  circuit  under  the  most  severe  conditions  of  over- 
load or  short-circuit. 

T.  S.  Pkkkixs 


It  is  a  curious  tiling-  tha.t  the  vast  Imsiness  of  sellin,^- 
Central  electrical  current  has  developed  so  few  men  with  the 

Station  keeri  instinct  for  making  money  wdiich  is  so  char- 

Profit  acteristically  American.     IMost  of  the  men  in  central 

.station  work  are  hard  against  the  j^roblem  of  selling  their  current  at 
a  profit.  It  has  been  claimed  that  fully  one-half  of  the  central  sta- 
tions in  the  I'nited  States  are  not  making  monev.  Indeed  the  busi- 
ness in  its  dail\-  succession  of  a  short  time  lighting  load  at  a  com- 
jiaratively  high  price  succeeded  by  a  longer  interval  with  a 
comparative  absence  of  income,  resembles  in  its  instability,  noth- 
ing so  much  as  a  summer  hotel,  which  has  an  advantage  in  that 
its  fixed  charges  can  be  lessened  during  the  season  of  no  profit. 

The  general  solution  of  the  difficulty  lies  not  in  raising  the  peak 
load  of  lighting  but  in  raising  the  hollow  of  low  business  in  daytime. 
Tower  loads  must  be  found,  and  witlKnit  reference  to  the  charge  for 
lighting  service  the  price  of  power  may  usually  be  anything  that 
will  net  a  profit  over  the  cost  of  additional  coal.  In  too  many 
stations  the  power  business  is  in  the  hands  of  machine  operators  in- 
stead of  men  of  a  commercial  instinct  for  bargaining  and  selling  ;  too 
few  central  stations  analyze  the  costs  and  profits  of  the  various  parts 
of  their  business  as  is  the  custom  of  large  commercial  houses.  The 
awakened  interest  in  the  whole  subject,  brought  about  by  the  work 
of  the  Co-operative  Electrical  Development  Association,  ought  to 
be  productive  of  results,  and  the  large  cash  prizes  ofifered  by  them 
for  helpful  papers  ought  to  stimulate  the  business  study  of  this  con- 
dition. 

J.  H.  Smith 
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CONTROL  OF  CARS  AND  TRAINS  OPERATED  BY  DIRECT  CURRENT^ 
WILLIAM  COOPER 

IX  the  problem  of  control  only  the  operation  of  direct-current 
motors  as  applied  to  the  propulsion  of  trains  will  be  consider- 
ed. As  the  series-wound  motor  is  the  only  one  possessing-  the 
proper  characteristics  for  the  work,  this  is  the  only  type  of  motor 
that  will  be  considered.  As  to  the  method  of  transmitting  the 
power  of  the  motor  to  the  driving  wdieels  of  the  car  or  locomotive, 
only  one  will  be  considered,  that  in  which  the  motion  of  the  motor 
maintains  a  constant  relation  to  the  motion  of  the  driving  wheel. 
This  implies  that  the  motor  must  start  from  rest,  since  the  car  or 
locomotive  starts  from  rest,  and  increase  its  speed  as  the  speed  of 
the  car  or  locomotive  is  increased. 

The  problem  of  control,  then,  consists  in  starting  the  motors 
from  rest  and  accelerating  them  to  full-speed  in  a  given  period 
with  a  mininunn  expenditure  of  energy  and  the  greatest  possible 
uniformity  of  motion.  These  two  conditions  are  fulfilled  only  when 
the  impressed  e.m.f.  is  increased  at  a  uniform  rate.  This  condition 
can  only  be  secured  by  manipulating  the  field  of  the  generator 
which  furnishes  the  current  to  the  motors  or  by  having  an  infinite 
number  of  steps  in  the  regulating  rheostat.  It  is  obviously  imj)os- 
sible  to  secure  either  of  these  conditions  in  practice,  and  thus  the 
nearest  ap])roximation  possible  under  the  given  conditions  is  the 
aim  of  the  control   designer. 

If  the  size  and  number  of  motors  for  any  given  case  have  been 
decided  ui)on,  the  method  of  control  to  a  certain  extent  may  be  de- 
termined b\-  thi.-  operating  conditions.  '1  be  hrsl  i)oinl  which  should 
be  considered  is  the  maxinunn  allowal)le  variation  in  tlie  tor(|ue  of 
the  motors  during  acceleration.  The  average  tor(|ue  during  ac- 
celeration nuisl  l)e  a  certain  amount  in  order  lo  fuHill  the  conditions 
laid  down.  l''roin  this  U  is  evident  that  the  accelerating  force  will 
be  a  certain  constant  amount  upon  which  there  will  be  superim- 
])ose(l  another  amount  which  will  be  com])osed  of  a  succession  of 
im])ulses  in  the  nature  of  blows  of  greater  or  less  intensity,  depend- 
ing upon  the  number  of  impulses  or  the  ninnber  of  steps  in  the 
regulating  resistance,  .^ince  these  impul.^es  can  not  be  eliminated 
eiUireb     the\-    should    be    made    small    enough    to    give    the    desired 


*TIiis  is  llic  lliiril  of  a  scries  of  articles  .>ii  l'".leclric  Railway  I'".iiu;iiKeriug. 
The  lii'st  article  appeared  in  the  January,  1Q0(),  issue. 
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smoothness  of  operation,  whether  the  consideration  be  the  strength 
and  durability  of  the  apparatus  or  the  comfort  of  the  passengers. 
The  consideration  of  this  phase  of  the  control  problem  is  quite 
apart  from  the  manner  of  manipulation  and  the  apparatus  used. 
It  is  evident  in  any  case,  that  these  impulses  must  be  small  enough 
to  be  within  the  strength  of  the  apparatus.  In  locomotives  for 
hauling  freight  this  is  a  very  important  consideration,  but  in  the 
control  of  motors  for  driving  single  cars  it  does  not  enter  into  the 
consideration  to  any  great  extent,  though  it  will  affect  the  life  of 
apparatus. 

In  general  the  variations  in  the  torque  of  the  motors  during 
acceleration  should  not  be  more  than  twenty  per  cent,  between 
maximum  and  minimum.  Assuming  this  as  a  basis  for  the 
design  of  the  control,  the  next  step  is  the  determination  of  the 
number  of  resistance  steps  required.  If  there  are  two  motors  to 
be  controlled  a  series-parallel  method  of  control  should  be  used. 
F'rom  the  torque  curve  of  the  motor  may  be  found  the  current  in- 
put required  to  give  the  acceleration  necessary  to  maintain  the 
schedule  as  laid  out. 

This  will  be  the  average  current  input  of  the  motors.  As 
there  will  be  a  variation  in  the  current  flow  to  the  motors  the  maxi- 
mum will  be  somewhat  greater  than  this  and  the  minimum  some- 
what less.  Assume  that  the  maximum  will  be  ten  per  cent,  greater 
and  the  minimum  ten  per  cent.  less.  That  is,  the  currents  corre- 
sponding to  ten  per  cent,  more  and  ten  per  cent,  less  torque  are 
to  be  taken  as  the  maximum  and  minimum  currents.  With  this  in- 
formation the  last  step  of  resistance  to  be  cut  out  with  the  two 
motors  in  series  can  be  calculated  and  also  the  last  step  with  the 
motors  in  parallel.  This  is  done  by  a  consideration  of  the  satura- 
tion curve  and  the  ohmic  resistance  of  the  motors.  For  instance, 
suppose  that  it  is  found  that  the  allowable  variation  in  the  current 
is  fifty  amperes,  say  from  three  hundred  to  three  hundred  and  fifty 
amperes.  Assume  that  the  saturation  curve  shows  an  increase  of 
six  per  cent,  with  this  increase  of  fifty  amperes  in  current,  and 
that  the  ohmic  resistance  of  the  motor  is  one-tenth  of  an  ohm. 
With  two  motors  in  series  the  total  resistance  will  be  two-tenths 
of  an  ohm.  Assume  that  just  prior  to  cutting  out  the  last  step  of 
resistance  the  voltage  impressed  on  the  two  motors  was  five  hun- 
dred and  fifty.  An  increase  of  six  per  cent,  of  this  will  be  thirty- 
three  volts,  and  ten  volts  will  be  absorbed  by  the  resistance  of  the 
motors  due  to  the  increased  current.     If  a  further  allowance  b? 
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made  for  the  resistance  and  self-induction  of  the  car  wiring  and 
connections,  of  say  seven  volts,  a  total  of  fifty  volts  may  be  im- 
pressed upon  the  motors  in  one  step  without  exceeding  the  allow- 
able increment  of  current.  Fifty  volts  drop  with  three  hundred 
amperes  flowing  gives  a  resistance  of  one-sixth  of  an  ohm  as  the 
resistance  of  the  last  step. 

By  the  same  method  the  resistance  of  the  other  steps  can  be 
calculated  and  likewise  the  number  of  steps.  Having  determined 
the  number  and  value  of  the  resistance  steps  required  for  the  con- 
trol of  the  motors  in  any  given  case,  the  next  step  is  to  determine 
the  method  and  kind  of  apparatus  to  be  used. 

METHODS   OF  CONTROL 

There  are  several  methods  of  control  in  use,  depending  upon 
the  number  of  motors  employed  and  the  conditions  under  which 
tliey  operate.  The  following  are  the  principal  ones,  although  there 
are  some  modifications  even  of  these : 

(a)  Rheostatic. 

(b)  Series-parallel. 

(c)  Series,  series-parallel,  parallel. 

Rheostatic — The  rheostatic  method,  as  the  name  implies,  con- 
sists in  placing  resistance  in  the  circuit  with  the  motor  or  motors 
to  regulate  the  impressed  electromotive  force.  This  method  can  be 
used  irrespective  of  the  number  of  motors  employed  by  connecting 
them  in  parallel  and  in  scries  with  the  regulating  resistance.  A 
resistance  common  to  all  the  motors  may  be  used  or  each  motor 
may  have  its  own  resistance.  This  method  of  control  is  not  com- 
monly employed  except  with  a  single  motor  or  where  simplicity  of 
apparatus  is  of  more  importance  than  economy  of  operation. 

Series-Parallel — The  series-parallel  method  is  by  far  the  most 
common  in  use  and  can  be  employed  where  the  number  of  motors 
used  is  a  nuiltiple  of  two.  With  this  method  the  motors  may  be 
arranged  in  any  combination  such  that  there  will  be  two  motors  in 
series  at  the  start,  the  final  arrangement  being  all  in  parallel.  By 
this  arrangement  two  economical  operating  speeds  are  obtained, 
that  of  two  motors  in  series  or  approximately  one-half  speed  and 
all  motors  in  parallel  or  full  speed. 

It  is  also  possible  to  use  this  method  when  three  motors  are 
employed   by   connecting   the   tlu'ce   motors   in   series   and   then    in 
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l>aralk'l.  In  ihis  case  llic  i  ijicraliiiL;-  s])c'C'(ls  will  ])v  i)iK--thir(l  ainl 
full   speed. 

Scries,  .V('/-/V.s--/ '(?/•(///('/,  I'cirdl/i'l — Tlu'  series,  series-])arallel. 
])arallel  iiiethiid  can  he  used  only  when  llie  uuiubtT  nf  nuttnrs  em- 
ployed is  foiu',  or  some  nuiUi])le  of  four.  Willi  this  method  the 
motors  are  arranged,  tirst,  tour  in  series,  then  two  in  series  and 
two  in  ])arallel  and  then  all  in  ])arallel.  1*)\-  this  arrangement  three 
economical  o])eratino"  speeds  are  ohtained.  oiu'-foiu'th.  one-halt  and 
full  speed. 

l')\-  economical  operating"  speeds  is  meant  sj^ceds  at  which  the 
motors  may  he  operated  without  external  resistance  in  the  circuit. 


The  curve,  Vis;;,  i,  illustrates  the  ditTerence  in  the  amount  of 
enert^y  required  to  start  and  operate  the  motors  when  arraui^ed  in 
dilTerent  comhinations.  Assume  that  a  car  or  locomotive  is  efpiip- 
ped  with  four  motors  and  that  it  will  require  fifty  amperes  ])cr 
motor  to  start  and  accelerate  it  up  to  a  certain  sjx^ed  in  sixty  sec- 
onds, the  speed  at  the  end  of  that  time  heino-  that  which  corre- 
sponds to  fifty  amperes  in  the  motor  with  the  full  voltas:^'e  impressed 
upon  its  terminals.  If  the  motors  are  operated  all  in  parallel  the 
cnerg'y  will  be  represented  bv  the  area  a-b-c-d  or.  assuming"  a  line 
voltage  of  600  volts,  7200000  watt-seconds.  If  the  motors  are 
operated  two  in   series,   two  in   ])arallel.   then   four  in   ]iarallel,  the 


ELECTRIC  RAILWAY  ENGINEERING  131 

energy  will  be  represented  by  tbe  area  h-f-l-b-c-d  or  5400000  watt- 
seconds,  which  shows  a  saving  of  twenty-five  per  cent,  energy  in- 
put. If  the  motors  be  operated  four  in  series;  two  in  series,  two  in 
parallel ;  four  in  parallel,  the  energy  will  be  represented  by  the  area 
i-g-o-f-l-b-c-d,  or  an  additional  saving  of  6.25  per  cent,  of  the  total 
input. 

This  illustrates  the  saving  that  may  be  made  in  starting  and 
accelerating  to  full  speed,  but  if  the  running  speed  is  to  be  less 
than  full  speed,  the  saving  will  be  still  more  marked.  Assume  that 
half-speed  is  desired.  With  the  motors  in  parallel  it  will  be  nec- 
essary to  discontinue  cutting  out  resistance  at  the  end  of  thirty 
seconds.  The  current  will  then  fall  off  on  the  line  l-m,  reaching 
approximately  the  same  value  at  the  end  of,  say  one  hundred  and 
twenty  seconds,  that  it  would  have  if  the  resistance  were  all  cut 
out.  The  energy  input  for  the  whole  time  will  be  represented  by 
the  area  a-l-p-s-d.  The  total  energy  is  the  mean  height  of  this 
area  multiplied  by  the  time  and  line  voltage.  T'lie  energy  taken 
from  the  line  for  continuous  running  will  be  twice  as  much  with 
motors  in  parallel  as  with  the  motors  in  series. 

If,  however,  the  motors  are  operated  in  c()nil)inations  of  two 
in  series,  all  external  resistance  can  be  cut  out  at  the  end  of  thirty 
seconds  and  the  current  will  fall  ofit  along  the  line  f-j.  being  one- 
h.alf  the  amount  of  /-///,  with  the  s])ee(l  remaining  the  same,  .\gaiu 
if  the  motors  can  be  arranged  in  combinations  of  four  in  series  and 
a  speed  of  one-fourth  full  speed  is  rec|uired.  the  current  consump- 
tion will  be  only  one- fourth  of  what  it  would  l)e  if  the  motors  were 
all  oj)erated  in  ])arallel. 

R1':SIS1ANCE   CONNKCriONS 

Having  determined  the  method  of  control  and  the  number  of 
resistance  stej^s  required,  the  next  ])oint  to  be  decided  is  the  manner 
of  connecting  the  resistance  to  the  switching  ap]iaraUis.  There  are 
two  methods  of  doing  this,  the  series  and  the  parallel  methods. 

The  Scries  Method — This  consists  in  arranging  the  total 
amount  of  resistance  in  one  grou]>  or  in  several  groups  with  the 
different  grou|:)S  all  connected  in  series  at  the  start.  The  variation 
of  the  resistance  in  the  circuit  is  accomplished  by  short-circuiting 
.sections  of  it  progressivelv. 

The  Parallel  Method — T'his  consists  in  connecting  different 
sections  of  resistance  in  parallel.  The  value  of  the  resistance  is 
thus  decreased  as  each   section   i;?  connected   jn,  until   finally  the 
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whole  resistance  is  short-circuited.  The  two  methods  are  ilkistrat- 
ed  by  Figs.  2  and  3,  which  show  a  single  motor  with  rheostatic 
control.  Either  method,  however,  is  applicable  to  any  number  of 
motors  or  any  combination  of  motors  or  dififerent  combinations  of 
resistance  connections  may  be  used.  Each  of  these  methods  has 
advantages  and  disadvantages. 

The  series  method  has  the  advantage  oi  having  all  the  resist- 
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FIG.     2 

ance  available  for  heat  radiation  when  operating  on  the  first  point 
of  the  control.  It  has  the  disadvantage  of  requiring  larger  and 
heavier  switches  as  each  switch,  when  it  is  closed,  short-circuits  its 
section  and  must  carry  the  whole  current  passing  to  the  motors. 
This  means  that  each  switch  must  be  of  the  same  capacity  as  the 
final  short-circuiting  switch  in  the  other  method. 

The  parallel  method  has  the  advantage  of  using  smaller 
switches,  but  the  disadvantage  of  requiring  more  capacity  in  the 
resistance.  There  is  still  another  method  of  connecting  the  switches 
when  using  series  resistance,  as  shown  in  Fig.  4. 

This   method   has    the    disadvantage    as    compared   with    that 
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FIG.     3 

shown  in  Fig.  2  in  that  if  the  last  switch  remains  closed  for  any 
reason  the  resistance  is  all  short-circuited,  while  in  the  other  cases 
only  one  section  is  short-circuited. 

MANIPULATION    OF   CIRCUITS 

If  rheostatic  regulation  is  to  be  used  the  manipulation  of  the 
circuits  is  a  simple  matter,  as  it  is  only  necessary  to  z^rr^^ngo  the 
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circuits  as  shown  in  any  of  the  three  diagrams,  Figs.  2,  3  or  4, 
and. provide  means  for  cutting  out  the  resistance.  If,  however,  the 
series,  parahel  or  series,  series-parallel,  parallel  method  is  used,  the 
matter  becomes  more  complicated.  That  is,  the  manner  of  making 
the  transition  from  series  to  parallel  must  be  considered.  By  cal- 
culating the  resistances  as  already  indicated,  it  will  be  found  that 


1      I       I       I 


FIG.     4 

more  resistance  must  be  used  with  the  motors  in  series  than  is  de- 
sirable when  the  motors  are  thrown  in  parallel  after  running  up  to 
the  series  connection  with  the  resistance  all  cut.  The  difference 
in  these  values  must  be  determined  and  arrangements  made  either 
to  leave  a  certain  amount  of  the  resistance  short-circuited  or  to  cut 
-it  out  entirely. 

There  are  three  methods  used  in  changing  the  motors  from 
the  series  to  the  parallel  connection. 

(a)  Shunted  motor. 

(b)  Open  circuit. 

(c)  "Bridging." 

The  Shunted  Motor  or  Short-Circuited  Motor  Method — This 
method  is  shown  in  Fig.  5  and  consists  in  arranging  the  motors  in 
series  with  each  other  and  in  series  with  a  resistance.     After  the 


o-WsAAA-'-A/VW^-L-' 


FIG.     5 

resistance  has  been  cut  out  with  the  motors  in  series,  certain  of 
the  resistance  switches  are  again  opened,  thus  reinstating  a  portion 
of  the  resistance.  Immediately  following  this  the  second  motor  of 
the  series  is  short-circuited  by  connecting  the  first  motor  directly 
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to  "j^ronnd."  'I'lic  scccmkI  motor  is  tlicii  coniK-flcd  in 'parallel  willi 
iIk'  first  and  in  scries  with  tlie  resistance.  l\eferrin<^  to  the  dia- 
,!L;rani  the  controllinL;-  switches  art'  indicated  by  the  letters  a-b-c-Ctc. 
idle  circnils  are  established  as  follows:  First  by  closing  switches 
'I  and  //.  ddien  switches  h-c-il  and  c  are  successively  closed,  thus  cut- 
ting;' out  tile  resistances  and  putting-  the  motors  in  series  without  re- 
sistance. The  switches  (■-(/  and  c^  are  then  opened  and  f  closed. 
At  the  same  time  /;  is  opened  and  ^-  closed  in  the  order  named. 
Ihis  establishes  the  motors  in  parallel  with  the  resistance  c-d  and 
c  in  the  circuit.  The  resistances  c-d  and  c  are  then  successively 
cut  out  leaving  the  motors  in  parallel  without  resistance. 

The  Open-Circuit  Method — The  open-circuit  method  is  very 
similar  to  the  shunted  motor  method  except  that  the  switch  a  is 
opened  wdiile  the  other  changes  are  being  made.     The  reason  for 


FIG.    6 

opening  switch  a  is  to  prevent  a  sudden  rise  in  voltage  on  the  first 
motor  due  to  its  being  in  circuit  for  a  short  time  with  the  resistance 
that  is  afterwards  y>ut  in  with  Ijoth  motors. 

The  "Bridging"  Method — This  method  is  quite  ditTerent  from 
the  others  in  that  the  current  is  not  at  any  time  cut  off  either 
motor  nor  is  either  motor  subjected  to  any  sudden  rise  in  voltage. 
This  method  is  shown  in  Fig.  6  and  consists  in  first  arranging  the 
motors  in  series  and  in  series  with  three  different  groups  of  re- 
sistance. The  dift'erent  sections  of  resistance  are  cut  out  progress- 
ively by  the  different  switches  shown.  After  the  resistance  is  all 
cut  out  wdth  the  motors  in  series  and  they  arc  operating  two  in 
series  across  the  line,  the  resistance,  or  a  certain  portion 
of  it  is  connected  in  parallel  with  the  motors  also  across 
the  line.  As  this  resistance  is  divided  into  two  parts 
and  the  connections  between  the  two  parts  are  connected 
between  the  two  motors,  it  follows  that  there  is  the  same 
drop  in  voltage  across  each  portion  that  there  is  across  each  motor 
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ol-  one-half  of  the  line  voltage.  Under  these  conditions  the  con- 
nections between  the  motors  may  be  broken  provided  the  resistance 
connections  be  maintained.  Referring-  to  the  diagram  the  circnits 
are  as  follows  : 

Starting  from  the  trolley,  switches  a  and  /;  are  closed,  thns 
pntting  the  motors  in  series  with  all  resistance  in  circnit.  The 
switches  b-c-d-c — j-h  and  /  are  closed  consecutively  and  then  switch 
/  is  closed.  After  switch  /  is  in  switches  c-d-c-h-j-k  and  /  are  open- 
ed. The  circuit  is  now  through  switches  a-b  and  \  and  the  two 
motors.  If  ^'  and  /  then  be  closed  there  will  be  a  cnxuit  established 
from  the  trolley  through  the  resistance  to  "ground"  by  the  way  of 
switch  /.  There  are  thus  established  two  circuits  through  the 
switch  /,  which  are  in  opposite  directions.  The  current  will  flow 
in  the  direction  of  the  circuit  which  has  the  preponderance  of  cur- 
rent. If  the  currents  in  the  two  circuits  be  equal  there  wid  be  no 
current  ]:)assing  through  the  switch  /  and  it 
may  be  opened  without  causing  any  increase 
or  decrease  of  current  in  the  motor  circuits. 
After  this  is  done  the  resistance  switches 
are  progressively  closed  as  before,  thus  cutting- 
out  the  resistance  in  the  motor  circuits  until 
the  motors  are  operating  in  ])arallel  across 
the  line  without  resistance.  Thus  the  niotors 
are  started  in  scries  with  resistance  and 
1)r()ugiu  11])  to  full  jiarallel  without  an\- 
greater  change  of  impressed  voltage  than  that 
derived  from  cutting  out  the  various  steps  of  resistance  one  at  a 
time. 

'ibis  sclieme  can  be  used  with  f;tur  motors  operating-  four  in 
series;  two  in  series,  two  in  parallel;  lour  in  ])arallel  throngb  the 
wholt'  c\i.-U'  witlioul  at  an\  lime  having  llie  torque  cliang(.'d  more 
tban  tliat  due  to  the  culling  nul   of  one  resistance  step. 


MASTER    CONTUnU.F.R 
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rp  to  ibis  ])oinl  onl\  llu'  diiTerent  schemes  ot  control  anil  ihe 
dilTerent  arrangemenls  (q"  llie  resistances  have  been  considereil  to- 
gether with  the  method  of  calculating  the  total  amount  of  resist- 
ance necessar\  and  llie  \alue  of  eacli  sup.  lla\ing  determined  the 
number  and  value  of  the  dilTerent  steps  of  resistance  and  the  meth- 
(>•!  of  var\  ing  the  resistance,  the  next  consideration  is  the  apjiaratu'- 
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for  manipulating  the  circuits.  In  the  discussion  of  the  diagrams 
the  term  "switch"  has  been  used  to  designate  a  piece  of  apparatus 
used  to  close  and  open  a  circuit.  This  may  be  a  contact  finger 
rubbing  on  a  segment  of  a  drum  or  it  may  be  any  sort  of  a  device 
which  is  suitable  for  carrying  and  breaking  the  required  amount  of 
current. 

Apparatus  either  manually  operated  or  automatic  in  its  opera- 
tion could  be  devised  that  would  fulfill  any  of  the  conditions  laid 
down  in  the  diagrams.  Therefore,  when  an  apparatus  is  designated 
as  hand  operated  or  automatic  it  does  not  signify  that  any  par- 
ticular method  of  control  is  contemplated.     The  conditions  under 


SWITCH   GROUP  FOR   USE   WITH   2-20O   HORSE   POWER   MOTORS,   WITH   COVER   REMOVED 
SHOWING    INTERLOCK   FINGERS    AND   CONTROL   WIRINGS 


which  the  apparatus  is  to  operate  will  determine  to  a  great  extent 
the  kind  of  apparatus  that  should  be  used.  In  general,  automadc 
acceleration  is  a  very  desirable  thing  to  have.  In  some  cases  it  is 
a  necessity.  In  other  cases  the  complication  involved  is  not  war- 
ranted. Again  the  apparatus  used  may  involve  remote  control. 
This  again  may  involve  either  hand  or  automatic  acceleration.  The 
distinction  between  hand  and  automatic  acceleration  should  be 
clearly  understood.  Manually  operated  apparatus  cannot  give 
automatic  acceleration  nor  can  automatic  acceleration  be  produced 
with  manually  operated  apparatus.  Manually  operated  apparatus 
may  be  either  remote  or  local  control,  but  automatic  acceleration 
can  only  be  produced  by  apparatus  over  which  the  operator  has  no 
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REVERSE    SWITCH    FOR    2-200    HORSE    POWER    MOTORS 


control  after  it  is  once  set   in  motion.     This  implies,  although  it 
does  not  necessarily  mean,  remote  control. 

On  this  basis 
there  are  but  two 
kinds  of  control 
apparatus  possible : 

(a)  Hand  or 
manually  operated, 
and 

(b)  Automatic. 
The    most    com- 
mon form  of  hand 
control    is    by    the 
ordinary   drum 
controller.     T'hese  controllers  have  been  built   in   a  great  number 
of    different    forms    and    sizes    suitable    for    all    sizes    of    motors 
from  the  smallest  to  the  largest.    T'hey  have  given  good  results  and 
have  done  wonderful  work,  but  they  have  serious  defects  and  limi- 
tations,   not    the 
least    of    which 
is  that   the  per- 
sonal   equation 
of   the    operator 
i  s     pre-eminent. 
That    this    is    a 
serious  defect  is 
s  h  o  w  n  by  the 
numerous    de- 
vices   that   have 
been    apjilied    to 
drum  controllers 
to    limit    the 
speed  of  manip- 
ulation.    These 
devices  are  call- 
e  (1      automotor- 
n  e  e  r  s .     sue  h 
t  e  r  m  s   indicat- 

least  prevent  im- 


SERTES    LIMIT    SWITCH    WITH    COVER    REMOVED,    SHOWING 
I'l.lTNC.ER  ANIl   CONTACT   DISC 

'I'liis  swilcli  pjnvorns  (lie  progressive  action  of  tlie 
unit  su  itclu's  so  that  tlic  progression  is  arrested  when- 
ever tlic  current  exceeds  a  certain  predetermined  limit, 
thus  insuring  a  practically  constant  current  per  inotdr 
during   acceleration. 


ing  a  desire  to  make  the 
proper  manipulation  by 


'  control  automalic,  or  at 
the  motorman. 


l:!.s  77//:  li/JiCTNIC  jOCh'WlL 

MULril'l.l';    I'NIl-   COXIROL  OR    Al'loMA  TK;   ACCI'I.I'.RA'I  IO.V 

As  tlic   naiiK'   implies,  tliis   iik'IIkkI   ci)iiu-in])lalr>  llu-   aulnmatic 

control  of  a  number  of  units  connected  in  nuilti])k'.  I'".acli  car  of  a 

train   is   considered   as   a   unit   and   is   controlled    and  actuated   as   a 

unit   entirelv  independent  of  all  the  other  cars  in  tin.'  train. 

]-'UNCTI(JNS   AM)   Ri;(jriRi'.Mi:.\-rs 

1  o  fuUiil  these  re(|uirements  the  drivinj^-  motors  on  each  car 
nuist  at  all  times  do  a  certain  predetermined  proportion  of  the  work 
of  acceleration  and  full  speed  running  irrespective  of  their  speed- 
torque  characteristics.  That  this  condition  may  be  fulfilled  the  con- 
trolling apparatus  on  each  car  must  control  the  motors  on  that  car 
independent  of  the  controlling  mechanism  of  the  other  cars. 

The  insertion  and  the  elimination  of  the  resistance  constitutes 
the  chief  function  of  the  control  apparatus.  The  greater  the  num- 
ber of  increments  into  which  the  resistance  is  divided,  the  smoother 
the  acceleration,  provided  they  are  eliminated  in  the  proper  pro- 
gression and  at  the  proper  time.  To  fulfill  this  condition  it  is  nec- 
essary that  the  current  input  of  the  motors  be  controlled  for  each 
motor  independently. 

In  a  multiple-unit  control  system,  the  current  input  of  the 
motors  should  be  regulated  on  each  car  with  absohite  independence. 
This  must  be  done  by  the  main  control  apparatus  on  each  car. 
acting  independently  of  the  main  control  apparatus  on  the  other 
cars  of  the  same  train,  the  mechanism  of  the  main  control  being 
started  and  stopped  by  the  action  of  the  auxiliary  control. 

As  there  are  two  diiTerent  combinations  of  the  motors  which 
give  maximum  operating  efficiency,  it  is  desirable  that  either  should 
be  available  for  continuous  operation,  and  for  ordinary  service, 
these  only. 

As  the  trains  operate  in  either  direction  it  nuist  be  one  of  the 
functions  of  the  main  control  to  reverse  the  direction  of  rotation  of 
the  motors. 

ESSENTIAL  FEATURES 

To  accomplish  these  operations  it  is  necessary  that  the  auxili- 
ary control  should  fulfill  the  following  conditions  : 

(a)  A  definite  arrangement  of  the  circuits  for  each  direction 
of  rotation  of  the  motors. 
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(b)  A  definite  arrangement  for  the  series  combination  of  the 
motors. 

(c)  A  (letiniie  arrangement  for  the  nuiUiple  cuml)ination  of 
the  motors. 

(d)  The  aljihty  to  arrest  the  transitions  at  any  stage  between 
^ero  and  fnU  speed,  or  to  bring  the  main  control  back  to  zero  from 
any  position. 

ADDITIONAL   FEATURES   OF   VALUE 

In  addition  to  these  essential  features  of  multiple-unit  control 
the  following  features  are  of  great  value  in  the  practical  operation 
of  a  system. 

If  the  current  supply  to  any  car  of  a  train,  or  to  all  of  the 


MtrrOR    CONTROL    CUT-OUT    FOR    2-200    HORSE    POWER    MOTORS 

ARRANGED    .SO   THAT   BOTH    MOTORS    TOGETHER   OR   EITHER 

MOTOR    SEPARATELY    MAY    BE    CUT    OUT 

cars,  fails,  it  is  desirable  that  the  main  control  switches  autnmalical- 
ly  return  to  the  zero  or  off  position. 

I'pon  the  restoration  of  the  current  sup])l\ .  the  main  control 
should  automaticall\-  be  brought  into  action  and  supply  power  to 
the  motors  through  the  regular  progression  up  to  the  point  intli- 
cated  by  the  arrangement  of  the  auxili;ir\  control,  irrespectiw  of 
what  that  arrangement  ma\  be.  It  is  further  desirable  that  the 
main  control  of  any  car  uixm  which  the  current  is  cut  off  should 
not  be  brought  into  action  by  the  auxibary  control.  It  is  desirable 
that  in  an  emergency  the  main  control  can  be  caused  to  operate 
lin"ini.gh  the  re.gular  progressimi  in  (^-der  to  connect  the  motors  in 
the  nudtiple  combinatii>n.  as  when  so  connected  one  will  .generate 
current  and  send  current  through  the  other  as  a  motor  ami 
servo  to  stop  the  train  if  the  power  is  off  and  the  brakes  (ail  to  act. 
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This  same  arrangement  is  also  useful  in  testing  the  apparatus  when 
the  current  supply  is  not  cut  off. 


AUXILIARY    aJNTROL   DEFINED 


The  auxiliary  control  is  in  the  nature  of  a  telegraph  system 
along  which  messages  are  transmitted.  These  messages  indicate 
to  the  main  control  that  it  is  to  perform  a  certain  duty,  but  have 
no  direct  control  over  the  performance  of  that  duty.     The  construc- 


TYPE   OF   GlRID   RESISTANCE    USED    WITH    SWITCH    GROUPS. 
SINGLE   FRAME   READY   FOR    MOUNTING. 

tion  of  the  mechanism  of  both  the  main  and  auxiliary  control  must 
be  such,  however,  that  there  will  be  no  failure  of  the  main  control 
to  perform  the  duty  assigned  to  it. 

SAFETY   DEVICES 

As  the  mechanism  of  the  control  system  may  sometimes  fail 
to  perform  its  proper  functions,  and  as  the  motors  may  sometimes 
behave  improperly,  certain  safety  devices  are  desirable  adjuncts  to 
the  system.  These  must  be  provided  as  a  part  of  the  auxiliary 
control  in  the  form  of  certain  interlocks  on  the  different  parts  of 
the  main  control  apparatus,  so  arranged  that  if  the  different 
parts  do  not  perform  their  proper  functions  the  auxiliary  control 
will  become  inoperative.  Certain  overload  attachments  must  be 
provided  as  parts  of  the  main  control,  so  that  if  a  "short-circuit" 
or  an  overload  exists,  the  auxiliary  control  will  become  inoperative, 
and  cause  the  main  control  to  return  to  the  zero  or  '"off"  position, 
or  cause  the  circuit  of  the  main  control  to  be  opened  by  a  suitable 
circuit  breaker. 


NOTES  ON  SUPERHEATED  STEAM 

J.   R.  BIBBINS 

DOES  it  pay  to  use  superheated  steam  in  steam  power  plants, 
i.  e.,  can  a  user  of  it  be  assured  that  he  will  not  only  save 
a  definite  percentage  of  his  coal  pile,  but  that  he  will  also 
come  out  ahead  when  all  capital  charges  are  deducted  from  the 
gross  saving? 

In  order  to  determine  the  ultimate  commercial  value  of  super- 
heat, not  only  the  gross  saving  in  water  or  coal  must  be  taken  into 
account,  but  also  the  standing  expenses  or  fixed  charges  upon  the  in- 
vestment, and  for  maintenance  of  the  superheater  equipment.  In 
the  following  balance  sheet  the  most  important  items  are  mention- 
ed: 

CREDIT  DEBIT 

Saving  in  coal  per  unit  of  time.  Extra  coal  required  for  firing  superheater. 

Reduction   in    size  of  piping   and   boiler  Extra  labor  required. 

equipment  required.  Taxes  and   interest  on   investment   in  su- 
Reduction   [with  high  velocity  steam]  of  perheater,  extra  piping,  and  in  extra 

abrasive  action  due  to  entrained  mois-  building  space. 

ture.  Depreciation  and  maintenance. 

It  is  true  that  all  these  debit  items  are  not  usually  taken  into 
account,  and  in  fact  capital  costs  are  frequently  omitted  altogether 
from  the  cost  of  power.  In  this  case  the  net  showing  made  by  super- 
heat will  be  much  greater.  The  argument  for  superheat  in  nine 
cases  out  of  ten  ends  with  the  statement  that  a  saving  of  lo  per  cent 
in  steam  consumption  can  be  secured  by  employing  loo  degrees 
superheat  with  a  coil  superheater  installed  in  the  boiler  setting. 
Some  builders  even  go  so  far  as  to  say  that  this  type  of  superheater 
does  not  take  any  extra  coal  for  firing,  as  does  the  independently 
fired  superheater.  This  statement  is  evidently  misleading,  and  the 
efficiency  of  transmission  of  heat  in  the  one  type  should  be  practical- 
ly the  same  as  in  the  other.  If  the  superheater  is  installed  in  the 
path  of  the  hot  gases  of  the  boiler,  either  the  capacity  of  the  boiler 
is  reduced  or  a  hotter  fire  must  be  carried  to  make  up  for  the  heat 
put  into  the  superheat. 

In  spite  of  the  excellent  results  obtained  through  the  use  of 
high  or  even  moderately  superheated  steam  in  steam  motors,  par- 
ticularly steam  turbines,  it  is  an  unfortunate  fact  that  practically  no 
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U'lia1)k'   (lata   exist   1)\    which   Un'   ab<)\c   (HK'slinii   can   1h'   dcllmlcly 
answered. 

IM  I'OKTAXT    I'OINTS    INXOlAlin 

'I'hc  effect  of  superheat  njjon  the  steam  ci»nsuni])ti<)n  of  recipro- 
cating- enoincs  (See  V'vj;,.  i)  is  in  general  simihir  to  that  with  tur- 
l)ines,  viz. :  for  a  i^iven  horse  power  less  water  is  required  accordinj^' 
to  the  degree  of  superheat.  This  is  due  to  the  fact  that  the  volume 
of  a  pound  of  steam  increases  with  the  superheat,  as  well  as  its  in- 
ternal heat  energy,  and  also  that  the  extra  heat  in  the  steam  serves 
to  prevent  condensation  and  other  heat  losses  in  the  cylinder,  or  at 
least  to  reduce  them.    This  extra  heat  also  defers  to  a  later  stage  in 
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the  expansion  cycle  the  "dew  point."  i.  e..  the  point  where  the  steam 
becomes  saturated  and  moisture  begins  to  form. 

Steam  expanding  from  150  pounds  pressure  to  28  inches 
vacuum  has  approximately  2^  per  cent,  moisture  in  it  as  it  passes  to 
the  exhaust,  froi'idcd  that  no  heat  is  taken  in  or  giz'cn  out  during 
its  passage  through  the  engine.  This  is  the  ideal  method  of  steam 
expansion   (known  as  adiahatic,  Greek — meaning  "a  barrier"). 

In  the  reciprocating  engine  the  ideal  expansion  is  departed 
from,  due  to  many  complex  and  variable  losses  such  as  condensa- 
tion and  re-evaporation  at  the  beginning  and  end  of  the  stroke  re- 
sjjectivelv.  But  it  is  believed  that  /;;  the  Inrbine.  as  these  losses  do 
not  occur,  the  steam  e.rpansio)i  is  [^raetieally  adiabatie,  to  which 
may  be  attributed  to  a  considerable  degree  its  higher  inherent  econ- 
omy. 
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Xcnv.  if  extra  heat  be  put  into  the  steam  initiallv,  bv  super- 
heating, this  extra  heat  renders  a  direct  service  ;  in  the  enmne  bv 
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cmipcnsatin^-  for  sonic  iW"  llie  heat  losses;  in  ihc  turbine  b\-  rctard- 
ini;-  the  "dew  ])()int"  further  on  in  tlic  expansion  ran^e.  It  thus  oc- 
curs that  witli  sufhcicnt   initial  suiicrhcat  the  entire  _\^  per  cent,  of 
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moisture  which  results  from  expansion  may  be  compensated  for, 
and  dry  steam  may  be  secured  through  the  whole  turbine. 

The  beneficial  effects  of  su])crheat  in  the  turbine  are  of  some- 
what different  character  than  those  in  the  engine.  In  the  latter  severe 
thermal  losses  occur,  as  noted  above ;  in  the  turbine  the  losses  are 
probably  more  of  a  mechanical  nature  due  to  the  friction  of  the 
steam  moving  at  high  velocity  over  the  internal  superficies  exposed 
to  it.  The  denser  the  steam  and  the  higher  its  velocity,  the  greater 
is  the  resulting  friction.  This  is  an  important  point  especially  in 
high  velocity  turbines.  In  the  Parsons  type  of  turbine,  wdiere  the 
steam  velocities  are  kept  down  to  a  low  point,  (400  to  600  feet  per 
second  )   superheat  is  not  found  to  be  so  essential. 

Owing  to  the  disastrous  effect  which  steam  friction  has  upon  the 
economy  of  a  turbine  using  high  velocity  steam  the  use  of  super- 
lieated  steam,  as  well  as  the  highest  possible  vacuum  is  frequently 
insisted  upon.  Being  of  much  lower  density  than  saturated  steam — 
in  fact  approximating  the  state  of  a  perfect  gas — superheated  steam 
greatly  reduces  the  internal  friction  in  the  machine ;  wath  a  commen- 
surate increase  in  economy.  A  test*  by  Dr.  Lewici  of  Darmstadt, 
shows  how  serious  this  friction  may  become  in  a  30  hp  single 
stage  turbine  disc  running  first  at  atmospheric  pressure  and  then 
in  vacuum.  The  turbine  was  driven  by  a  calibrated  motor  and.  in 
order  to  bring  it  up  to  running  speed,  power  was  required  as  fol- 
lows, expressed  in  per  cent,  of  the  capacity  of  the  turbine.  This  is 
disc  friction  alone — not  jet  and  bucket  friction: 

RESISTANCE. 
Atmosphere.  19. 6''  Vacuum 

(A)  Dry  saturated  steam     .      .  —  jifc      (3-3  lip)       5^ 

(B)  Superheat  300°  €.=572°  F.— 6.25%  2^ 
Decrease  in  friction  per  100°  F., 

(fcoiA)      .        .       .     —     7.5%  10.5  ff 

RESULTS STEAM    CONSUMPTIOX 

Turbine  Tests — The  effect  of  superheat  in  a  Westinghouse- 
Parsons  turbine  is  shown  by  Fig.  2.  The  line  OC  represents  the 
total  water  per  hour  at  different  loads  with  saturated  steam.  The 
line  OD  represents  the  total  water  per  hour  at  different  loads  with 
superheated  steam.  Tlie  divergence  between  these  two  lines,  there- 
fore, represents  the  effect  of  superheat,  viz. :  for  a  giz'en  degree  of 
superheat  the  vMter  saved  is  in  direct  proportion  to  the  load,  or  in 
other  words,  the  percentage  saving  is    practically    constant    at  all 


*Stodola,  "Die  Dampf    Turbinen." 
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loads.  This  latter  point  is  well  brought  out  by  Fig.  3.  The  lines 
A,  B,  show  the  decrease  in  steam  consumption  per  brake  hp  for  dif- 
ferent loads  and  degrees  of  superheat ;  they  are  practically  parallel. 
For  this  reason,  the  per  cent,  increase  as  shown  by  the  line  OX  is 
practically  constant  for  any  load.  This  test  shows  that  for  50  de- 
grees superheat  the  percentage  reaches  5  per  cent,  for  100  degrees, 
10  per  cent,  and  for  150  degrees,  15  per  cent.  Above  100  degrees, 
this  test  and  other  tests  show  that  the  percentage  increase  falls  off 
somewhat,  similarly  to  the  overload  line  at  the  point  Xi. 
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Engine  Tests. — In  order  to  show  the  results  of  superheat  in  the 
engine  we  have  compiled  the  data  in  the  following  table: 

Fnginc  3  shows  the  best  results,  viz.:  nine  pounds  of  steam 
per  indicated  hi)  hour,  but  it  must  be  borne  in  mind  that  this  was  ob- 
tained with  28  inches  vacuum  and  243  degrees  superheat.  This 
may  be  considered  as  high  an  efficiency  as  has  ever  been  obtained 
in  engine  work,  but  even  under  these  extremely  favorable  condi- 
tions the  unit  consumed  11.25  pounds  of  steam  per  electrical  hp 
hour ;  assuming  a  generator  efficiency  of  95  per  cent,  it  consumed 
10.7  pounds  per  brake  hp  hour. 

By  way  of  comparison,  note  that  the  turbine,  Fig.  3,  gave  a 
brake  water  rate  of  11. 15  pounds  with  180  degrees  superheat.     By 


146 


rill:   r.LIUTKlC  JOi'K.WlL 


XOTES  OX  SUPERHEATED  STEAM  147 

increasing-  the  superheat  63  degrees  the  economy  would  probably 
have  increased  by  at  least  5  per  cent,  which  would  bring  the  turb- 
ine water  rate  to  10.6  pounds  per  brake  hp.  which  fully  equals  that 
of  the  engine. 

Note  engine  No.  5,  a  triple  expansion  engine  of  the  Willans 
central  valve  type.  With  200  degrees  superheat  the  steam  consump- 
tion was  10.9  pounds  per  horse  power  at  full  load  and  with  high 
pressure  and  high  vacuum.  Referring  again  to  the  turbine,  with 
20  degrees  extra  superheat  the  steam  consumption  would  have  been 
about  10.9  pounds,  practically  the  same  as  the  Willans  engine. 

Column  10  in  this  table  shows  the  per  cent,  decrease  in  steam 
consumption,  i.  e..  the  increase  in  economy  due  to  100  degrees  of 
superheat,  assuming  that  these  quantities  are  proportional  to  the 
superheat.  The  average  is  in  fair  agreement  with  results  from  tur- 
bines, but  the  wide  variations  show  that  the  gross  saving  due  to 
superheat  in  engine  work  I'aries  largely  z^'ifli  different  designs. 

It  nu:st  be  borne  in  mind  that  such  results  as  these  obtained 
with  reciprocating  engines  are  seldom  maintained  in  regular  ser- 
vice owing  to  the  lack  of  care  and  general  deterioration.  ( )n  the 
other  hand,  we  have  reason  to  believe  that  the  economy  of  low  ve- 
locity turl)ines  is  not  subjeet  to  serions  impairment  in  serviee:  we 
know  that  the  depreciation  is  extremely  low. 

RESULTS COAL   CONSUM  PTIOX 

The  effect  of  superheat  on  the  coal  pile  is  (|uite  a  different 
matter  than  its  corresixinding  relation  to  steam  consumiition  ;  and 
mifortunateh'  ver\-  little  data  is  available. 


TABLE  II 

TEST*    (IN     ^00    I.  MI'.    TAXnEM    COMrorNI)    KXGTNE 

D.\TA : 

Lancashire  l)iMlers. 

Schmidt  separately  fired  superlieater. 

Steam   coal,   heat   units   per   pound 14  300 

Superheater  coal,   heat   units   per   pnund 12  Hoo 

Average  evaporation   lbs.   water  per   II).   coal S." 

Average  quantity  superheated,  Ihs.   steam  per  Ih.  coal 24 

Temperature    at     superheater Hoo'^   F.  =  440"   Suplit. 

Superheat   lost,   delivered   to   reheater 1/7^ 

Superheat   lost    in   transmission 50 '^ 

Temperature    at    engine    throttle 5X0°   I\  =  220'^  Suiilu. 

Results  : 

Coal  used  per  Ih.  of  steam    (total  ) =  0.157  lbs. 

Coal  required  to  superheat  one  pound  of  steam  440"'   V =  O.417  lbs. 

Coal   required  to  superheat  per   100 *"  F =  .ocxxs  lbs. 

Coal  required  to  evaporate  one  lb.  of  water  at   140  lbs.  presure  =  .115     lbs. 

*  Prof.  J.  A.  Ewing.     Engine  No.  3,  'iable  I. 
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220°  Superheat  at  Engine: 

Per  cent,  of  total  coal  for  evaporation 73-5% 

Per  cent,  of  coal  required  for  superheating 26.5% 

100°  Superheat  at  Engine  (Estimated  from  above)  : 

Per  cent,  of  total  coal  required  for  evaporation 92.4% 

Per  cent,  of  coal  required  for  superheating 7-6% 


TABLE   III 


testf  on  522  b.h.p.  three-cylinder  triple  expansion  engine. 
Data  : 

160  pounds  steam  pressure. 
Superheated  to  600°  F.  =  230°  superheat. 
Vacuum  26  inches. 

Results  : 

Fuel  per  hour,  saturated  steam 1 193  lbs. 

Fuel  per  hour,  superheated  steam 833  lbs. 

I'^iel  per  hour  in  superheater 173  lbs. 

Total 1006  lbs. 

Saving 87  pounds  =  19%  =  8.25%  per  100°  superheat 

Fuel  for  evaporation,  per  cent,  of  total 83% 

Fuel  for  superheating,  per  cent,  of  total 18% 


TABLE  IV 


test*   on   254   I.H.P.    MUSGROVE-CORLISS   ENGINE,   CONDENSING,   FLUE   TYPE 

SUPERHEATER 

Southport,  Eng.,  Electricity  Supply  Company. 


Average  Superheat  ^85°   F. 


Without 
suprhtr. 


Steam  per  i.  h.  p.   hour lbs. 

Steam  per  kw.    hour " 


Coal  per  i.  h.  p.   hour lbs. 

Coal  per  kw.    hour " 


16.30 
29.27 


1.84 
3-40 


With 
Suprhtr. 


13-58 
24.24 


I  60 
2.86 


Saving 
per  cent. 


17% 


16% 


*  Reginald  S.  Downe — Proc.  Municipal  Elec.  Assn.  of  Gt.  Britain. 

These  data  appear  to  indicate  a  general  saving  at  the  coal  pile 
in  reciprocating  engine  plants.  With  turbines  we  may  only  infer 
that  the  saving  is  perhaps  smaller,  but  more  definitcly  assured. 


t  R.  K.  Morcom,  of  Belliss  &  Marcom,  builders  of  engine. 
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COST  AND    MAINTENANCE  OF  SUPERHEATERS 

The  approximate  cost  of  some  typical  superheater  equipments 
is  shown  below : 


TABLE   V 

APPROXIMATE  COST   OF   SUPERHEATERS 


Type 

Construction 

Cost,  $  per  looo  lbs.  steam  per  hour 

u 

ii 
1  i 

Steel    tubes 

cast  iron    flut- 

ings. 

do. 

Without   setting 

With  setting 

Rating 

Per 
100° 

Rating 

Per 

100° 

Cost 
kw.  p 
a  s  su 
steam 

1.5 
$ 

1. 16 
1.44 
1.47 

ICO° 

200° 

100° 

150° 

$ 

115 

200° 

■5  ^ 
^  1 

$ 

ir6766 

146.66 

$ 

$ 

130 
134 

168 

$ 

72.00 

58.33 
72.00 
73-33 

ICO 

82.80 

(I) 

(0 

(2) 
(2) 
(2) 

100.00 
76.80 
65.00 

67.00 
82.80 

84.30 

Flue  or  sep. 
fired. 

2.00 

I.S4 

Sep. fired. 

1.30 
1.34 

Flue 

Plain  steel 
tube. 

1.66 

Sep.  fired. 

C.i.  withflut- 
ings. 

1.69 

Average 

67.88 

Avert 

gc 

72.65 

1.36 

1-59 

(i)     Including  freight  and  erection. 

(2)     Estimated  extra  cost  settings,  dampers,  flues,  etc.,  i5)< 


The  following  table  gives  some  data  relative  to  the  maintenance 
cost  of  superheaters.  This  data  is  all  based  upon  results  from  the 
Schworer  (German)   type,  similar  to  the  Foster   (American)  : 


\'A) 


Tim  r.LI-CTKIC  JOUKXAL 


'i.M'.l.l-:  VI 

COST'''    OF    MAINTAININi;    SlI'Kkll  KATKUS    OK    TIIK    SCIIWOKKK    TVI'i:,     I  NCI.TDI  NO 
REl'AIKS   TO   I'lI'ING   AND   URICKWORK 


In  Service. 

Avg. 

steim 
pres- 
sure. 

Ab- 
so- 
lute. 

KX) 

i"7 

A  v.-  su- 

perh't. 

Superh'tr. 
elemeiit.s 

Av.  Cos 
per 

Repairs 
Vear. 

Pnt 

No. 

Yrs. 

- 

8 
5 

Hrs. 

per 

day. 

No.    Lgth. 

,    Super- 
heiter. 

t 

Per   ele- 
ment. 

5-95 
.(■'■9 

RKMARKS. 

Deg.  F. 

I  go.  5 

12 

4 

Feet. 

'"•5 
9..S 

I'osition  of   superheater. 

2 

12 

71.40 
14.01, 

Direct    fired. 

Dirertly    behind    t"ire    bridge. 

2-a 

lO 

I  1 

jS 

2 

.S.2 

ll.<;o 

5-45 

'• 

•vb 

lO 

I  I 

114 

.05.2* 

6 

I). a 

0 

(*4.oo) 

Behind    lirs.t     fine, 

4 

■■ 

12 

^5 

76-156 

6 

.,.8 

«.33 

■•39 

,, 

5 
6 

6 
7 

^4 
I  I 

1  ( )0- 

171 

155-121 

S.io 

6.7 

5-95 
0 

0.66 
(*4.oo) 

(lire  tube  boiler) 
Directly  behind  fire  bridge. 

r:nnnliis!nn<:' 

Avg. 

7-7 

'3-5 

114 

■55-^ 

2.45 

100°   superheat       -       ^2.3 
per    element    per   year. 

Avg 

.  includin 

g    estimates 

(*) 

3-5') 

100°  siiperlieat        -      0.  uj 
per  lineal  foot   per  year. 

*Avg.  temperature  of  gases  at  superheater,  7i()    10842    F. 

No  information  is  at  hand  regarding  the  capacity  of  tlie  ])lants 
or  the  rating  of  the  superheaters,  but  you  will  observe  that  the  cost 
of  maintenance  expressed  in  dollars  is  extremely  low.  In  plants 
Nos.  4  and  5.  which  have  been  in  service  from  seven  to  eleven 
}ears.  no  repairs  have  ap]:)arently  been  made.  As  this  is  somewhat 
improbable  we  have  estimated  them  as  shown  in  parenthesis.  Cov- 
ering a  number  of  plants  which  have  been  in  service  for  many  years, 
and  coming  from  an  evident  authority  on  the  subject,  these  data 
are  valuable  in  showing  that  the  depreciation  in  a  properly  con- 
structed superheater  is  much  smaller  than  is  generally  thonght. 

.SOME   PROPERTIES  OF  SUPERHE-VTED   STE.VM 

From  steam  tables  we  observe  that  the  temperature  of  satur- 
ated steam  increases  gradually  with  the  pressure  carried,  likewise 
the  heat  energy  expressed  in  l*.  t.  u.  per  ]X)und.  A  Uritish  thermal 
unit  is  the  amount  of  heat  required  to  raise  one  pound  of  water  one 
degree  F.  at  freezing  point ;  we  therefore  say  that  the  specific  heat  of 
water  is  one  or  unitv.     In  order  to  raise  steam  one  dee'ree  above  its 


*  Otto  Berner-Verin  Deiitsch,  Ingineure. 
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temperature  of  saturation,  or  in  otlier  words,  to  superheat  it  one 
degree,  it  lias  been  found  by  experiment  that  less  than  one  heat  unit 
is  required,  or  in  other  words,  that  the  specific  heat  of  superheated 
steam  is  less  than  unity.  The  classical  experiments  of  Regnault 
made  some  fifty  \ears  ago  are.  curiously  enough,  accepted  to  a  cer- 
tain extent  to  this  day.  He  found  that  in  order  to  raise  steam  one 
degree  above  saturation  point  0.48  15.  t.  u.  was  required,  that  is. 
that  the  specific  heat  of  superheated  steam  was  0.48.  His  deter- 
minations, however,  were  only  made  at  about  atmospheric  pressure, 

TABLE  VII. 

PROPERTIES    OF     SATURATED    AND     SUPERHEATED     STEAM. 


3  I.  ■« 


100 


IL'O 


140 


150 


]()0 


Temperaiure 
steam  degrees  F. 


Saturated 


327.(5 


:;4i. 


;!52.0 


:^5s  ;; 


:^<);;.4 


Superheated 


,377.6 
427.6 
477.6 
527  6 


.391 
441 
401 
541 


402.9 
452.9 
502.9 
552.9 


40S..3 
45S.3 
50S.3 
55,S.8 


ISO 


37.3. 


200 


.SSI. 


413.4 

463.4 

513.4 

563.4 

423 

473 

523 

5j;3_ 

"431.7" 

4S1  7 
531.7 
5S1  7 


a^ 

Total  hea 

,  B.  t.  u. 

B.  t.  u.  per 

•ss 

per  pound 

pound  add- 

g-Sf 

Saturated 

.Superheated 

ed  in  sup- 
erheat. 

Steam. 

Steam 

4 

5 

6 

7 

50 

1214.5 

32  6 

100 

1254.0 

72.1 

150 

11S1.9 

1298.5 

116  6 

200 

1348.4 

166.6 

50 

1220.7 

34.7 

100 

1261.2 

75  2 

150 

11S6. 

1307.1 

121.1 

200 

1358.5 

172  5 

50 

1225.4 

35  9 

100 

1267.4 

77.9 

1.50 

1189.5 

1315  0 

125.5 

200 

1367.6 
1227^"' 

178.1 

50 

36  3 

100 

1269  4 

78  2 

1.50 

1191.2 

131  S.O 

126.S 

200 

1370  6 
1229.5 

179.4 

50 

36  7 

100 

1272  0 

79  2 

1.50 

1192.S 

1321  0 

1 2S  2 

200 

1375  0 
~1 234.0 

1S2.2 

50 

38.3 

100 

1278.0 

82.3 

150 

1195.7 

1327.0 

131.3 

200 

1.383.6 

1S7.9 

50 

1237.6 

;!9.2 

100 

1283.0 

84.6 

150 

119S.4 

i;5.33.(l 

1.35.6 

200 

1390  0 

191. (> 

Note  -  1  hr  (l,ii;i  ,,ii  sui)iTln';itc(l  steam  iiiiisi  lie  accoptcd  ctMiscrvativcly 
111  view  of  tJK'  uiUHTlaiii  value  of  the  .spccilic  heat,  which  has  fonnorly  heoii 
taken  as  0.48.  I'iecenl  expcrinieiU.s  Iiavc  proven  that  for  the  pressures  and 
siipcHieats    now    ui    uso    tin's    value    is  too   low.   and    is,    moreover,    variahle. 

Columns   6  and    7    are    based    upon    ( ireisni-nin'-.    investijiations.      Sneeilic 
heat  of  sui)erhcated    ste.am    at    ennsiant  ine^Mire    varies    directly    as    tin 
peralure,   .accordini;    Ic   ijie   law.     Sp=:o.oo-'J  I's— o.  j  lO. 
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and  it  is  unfortunately  a  fact  that,  of  the  many  experiments  which 
have  since  been  made  by  various  authorities,  none  of  them  agree 
closely  enough  so  that  a  definite  value  can  be  assigned  to  the  specific 
heat  of  superheated  steam  for  high  pressures  and  high  superheats. 
Nearly  all  investigators  agree  that  the  specific  heat  increases  with 
the  initial  temperature,  or  in  other  words,  with  the  pressure.  They 
disagree  as  to  whether  the  specific  heat  is  constant  for  any  given 
pressure  and  for  different  degrees  of  superheat.  Late  determina- 
tions by  A.  R.  Dodge,  indicate  that  at  a  given  pressure 
it  increases  with  the  superheat.  For  present  purposes  we  may 
consider  the  results  of  experiments  by  a  German  investigator,  Greiss- 
mann,  which  show  that  the  specific  heat  increases  in  direct  propor- 
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FIG.  4. — MAXIMUM  WORK  AVAILABLE  PER  POUND  OF 
STEAM  EXPANDING  FROM  GIVEN  PRESSURE  TO 
100   DEGREES    F. — 28   INCHES    VACUUM 

tion  to  the  initial  temperature.  His  results  have  been  incorporated 
in  Table  VII  and  must  be  accepted  conservatively  in  view  of  the 
foregoing  explanation.  With  this  in  mind  the  increase  in  energy 
per  pound  of  steam  with  the  different  degrees  of  superheat  may 
be  shown  graphically.  (See  Fig.  4.)  The  arrows  show  that  for  165 
pounds  steam  pressure,  absolute  (150  pounds  per  sq.  in.  gauge), 
324  B.  t.  u.  are  available  in  one  pound  of  saturated  steam  expand- 
ing to  a  condenser  pressure  of  about  28  inches  of  mercury,  wdiere- 
as  405  B.  t.  u.  are  available  in  one  pound  of  the  same  steam  super- 
heated 100  degrees  F. 

These  curves  are  based  upon  the  steam  expanding  by  the  Ran- 
kine-Clausius  cycle;  an  ideal  cycle  using  adiabatic  expansion  with 
no  compression,  which  practically  applies  to  the  modern  steam  tur- 
bine and  piston  engine  alike. 
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TROUBLES 

It  must  not  be  inferred  from  the  good  character  of  the  results 
here  presented  that  the  use  of  high  superheat  is  therefore  to  be 
universally  recommended.  The  net  saving  in  dollars  at  the  coal 
pile  is  one  thing ;  the  ability  of  the  plant  attendants  to  cope  with  the 
problems  arising  in  the  use  of  superheat  is  another.  For  this  rea- 
son the  policy  of  recommending  superheat  universally  is  a  poor  one 
and  should  be  modified  by  a  full  consideration  of  the  following 
points : 

The  use  of  high  temperature  implies  greater  expansion  of  all 
metallic  parts  subjected  to  it.  Tliis,  it  is  true,  may  be  allowed  for  in 
the  turbine  by  proper  designing,  and  in  the  piping  by  great  care 
and  judgment  in  its  arrangement,  but  it  is  also  true  that  the  difft- 
culties  in  the  control  of  superheat  and  the  maintenance  of  uniform 
steam  temperatures  are  greatly  increased.  The  fireman  must  watch 
his  fires,  much  closer  than  before,  and  if  he  is  at  all  negligent  the 
superheat,  even  with  a  constant  load,  is  liable  to  vary  from  150  or 
200  degrees  F.  to  o  or  even  to  wet  steam.  Such  extreme  variations 
in  temperature  are  sure  to  result  sooner  or  later  in  creeping  of  pip- 
ing, opening  of  joints  and  seriqus  injury  to  engine  or  turbine. 

At  high  temperatures  more  expensive  pipe  covering  must  be 
used  or  else  heat  losses  increase  rapidly.  It  is  also  found  difficult 
to  maintain  tight  joints  and  tight  valves  in  the  steam  lines,  due  to 
high  expansion.  In  one  plant  the  first  charge  of  superheat  started 
every  gasket  in  the  main  pipe  line  to  leaking.  These  were  of  corru- 
gated copper  and  had  to  be  replaced. 

In  the  design  of  several  turbine  plants,  separators  have  been 
dispensed  with,  anticipating  the  use  of  superheat.  Invariably  at  one 
time  or  another  large  quantities  of  moisture  have  found  their  way 
to  the  turbine,  checking  it  nearly  to  a  standstill.  The  fact  that  no 
permanent  injury  has  apparentl}'  resulted  has  encouraged  forgetful- 
ncss  of  the  severe  dynamic  stresses  \vhicli  must  have  been  exerted 
upon  the  turbine  blading  in  order  to  suddenly  abstn-l)  the  enormous 
rotative  inertia  of  the  moving  parts. 

These  are  points  which  distinctly  involve  the  so-calletl  ["crsojtal 
elements  in  power  station  design  and  operation.  They  camiot  be 
expressed  in  dollars  and  cents,  but  are  nevertheless  of  the  utmost 
importance,  as  must  be  evident. 

With  intelligent  operatives  and  proper  means  for  controlling 
the  superheat,  beneficial  results  may  be  secured,  but  with    ignorant 
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and    careless    operatives    and    lKi])lia/ard    eiij^ineeriiii^'    llu-    siUiatiDu 
])()ints  to  saturated  steam  sini])ly  from  a  stand])oini  of  safety. 


KXl':i<(;\'     IK.WSl'OKMA-IIO.XS    IX    A    STKAM     I;oILI:K SL" 

IM.ANT 


:riii:aikk 


The  diagram,  V\g.  5,  lias  been  prepared  to  show  graphically  the 
approximate  distribution  of  work  in  the  various  parts  of  a  steam 
boiler  plant.  Assuming  all  water  at  an  initial  tem])erature  of  100 
degrees  ]'.,  the  feed  water  heaters  and  economizers  raise  it  to  the 
temperature  due  to  the  pressure,  viz. :  360  degrees  for  the  case 
taken,  if  the  feed  heating  equipment  is  not  able  to  raise  the  water 
up  to  this  temperature,  the  boiler  is  obliged  to  do  so  much  more 
work.  This  preliminarv  part  of  the  cycle  re(iuires  265  British 
thermal  units.     While  the  latent  heat  of  the  steam  is  being  ec[ual- 
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ized  859  B.  t.  u.  are  put  in  l)y  the  boiler.  Then  if  the  superheater 
raises  the  total  temperature  to  500  degreess  F.  it  further  iiitroduces^'^ 
84  B.  t.  u.  into  the  steam,  so  that  its  total  energy  or  thermal  poten- 
tial is  1208  B.  t.  u. 

If  all  of  the  heat  could  be  utilized  by  an  engine  or  turbine,  the 

steam   consum])tion   would   bcf      ■i:Ji!g=  --i  +  '^^-^-  V^^'  li^i'^e  power 


*As8uming  specific  heat  of  superheated  steam  =  ().<>. 

tOne  B  t.  u.  =  778  foot  pounds  \  tj^^j.^j^j.^ 

One  hp  =  33000  foot  pounds  per  min. ;  I  ' 

one  hp  =^  33000  xjo_  2545  g^  ^_  ^  expended  per  hour. 
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per  hour.  But  for  165  pounds  pressure  and  140  degrees  super- 
heat only  about  444  B.  t.  u.  are  available  per  pound  for  work,  hence 
the  steam  consumption  of  an  ideal  engine  is  -~^^^  =  5.75  pounds 
per  horse  p  ^ver.  In  the  turbine  test.  Fig.  3,  the  actual  water  rate 
was  about  1..5  pounds,  hence  the  400  kw  turbine  is  just  one-half 
(irfs)  ^s  efficient  as  the  ideal  engine.  This,  the  writer  believes, 
should  be  termed  kinetic  efficiency  in  distinction  from  mechanical  or 
other  forms  of  thermal  efficiency.  It  measures  the  abilitv  of  an  en- 
gine to  turn  available  heat  into  useful  -zcork.  The  triple  expansion 
Willans  engine  test,  Fig.  i,  shows  a  steam  consumption  of  11.8 
pounds  at  140  degrees  superheat.  Its  kinetic  efficiency  is  then  ^  ^ 
=  48.5  per  cent.  This,  however,  for  an  engine,  is  extremelv  high 
and  the  average  engine  falls  far  below  it.  ( )n  the  other  hand  nuil- 
tiple  stage  turbines  frequently  show  a  higher  efficiencv  than  55  per 
cent.,  sometimes  60  per  cent.,  z^'itli  saturated  steam.  The  efficiencv 
above  given — 50  per  cent. — is  therefore  probably  toci  low  on  ac- 
count of  the  unavoidable  error  introduced  in  the  use  of  an  incorrect 
value  for  specific  heat  of  superheated  steam. 


LINE  CONSTRUCTION  ON  THE  WARREN   AND 
JAMESTOWN  RAILROAD 

THEODORE  VARNEY 

THE  Warren  and  Jamestown  Railway,  which  has  recently  be- 
gun operation,  is  of  special  interest  owing  to  the  fact  that 
it  is  the  first   instance   of   a   single-phase   electric   railway 
operated  by  gas  engines  as  the  prime  movers.     T'he  current  is  gen- 
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FIG.    I — VIEW   OF   A    SECTION    OF   THE    WARREN    &   JAMESTOWN    SINGLE-PHASE   RAIL- 
WAY  SHOWING   THE  CATENARY  LINE  CONSTRUCTION 

erated  in  a  power  house  without  a  boiler  plant,  transmitted  at  a 
potential  of  22  000  volts  over  bare  copper  wires  to  transformer  sub- 
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stations  without  attendants  and  fed  to  the  central  trolley  section  at 
3  300  volts  and  to  the  terminal  section  within  the  city  limits  at 
550  volts. 

The  line  is  26  miles  long.  Tliere  are  two  transformer  sub- 
stations containing  transformers  which  lower  the  voltage  from 
22  000  volts  to  3  300. 

The  city  lines  are  fed  from  transformers  mounted  on  poles 
along  the  track,  which  reduce  the  voltage  from  3  300  to  550  volts. 

The  trolley  line  construction  employed  is  the  single  catenary 
high  tension  system.  The  principal  features  in  which  this  system 
differs  from  the  usual  low  voltage  equipment  are  the  use  of  a  steel 
supporting  cable  to  relieve  the  copper  trolley  wire  of  undue  strains, 
and  the  substitution  of  porcelain  for  moulded  composition  insula- 
tors. 

By  the  use  of  a  steel  supporting  cable  the  spans  are  made 
longer,  and  the  number  of  points  of  support,  and  consequently  the 
points  of  possible  leakage,  are  reduced  to  a  minimum. 

Furthermore,  the  hammering  of  the  trolley  at  the  supporting 
ears,  experienced  in  the  old  type  of  overhead  suspension,  is  elimi- 
nated and  the  trolley  wire  becomes  a  smooth  rigid  line  along  which 
the  collector  shoe  of  the  trolley  slides  without  interruption. 

By  the  use  of  a  wide  sliding  contact  shoe  it  is  not  necessary 
that  the  wire  should  be  carefully  aligned  with  the  center  of  the 
track,  in  fact  it  is  intentionally  staggered  slightly  to  distribute  the 
wear  on  the  shoe.  This  results  in  very  simple  curve  construction 
since  it  is  possible  to  run  the  trolley  wire  and  catenary  cable  in 
straight  lines  between  the  poles  thus  forming  chords  instead  of 
arcs  of  the  curve.  A  chart  is  used  in  laying  out  the  pole  spacings 
on  curves,  and  these  spacings  are  adjusted  to  the  curvature  so  that 
the  maximum  deviation  of  the  chord  from  the  center  of  the  track 
is  limited  to  eight  and  one-half  inches  on  each  side.  The  trolley 
shoe,  in  passing  over  the  span,  would  therefore  have  the  wire  pass- 
ed twice  across  seventeen  inches  of  its  surface. 

This  method  is  employed  for  all  except  the  sharpest  curves 
and  the  onlv  additional  material  required  besides  that  used  on 
straight  runs  is  a  steady-strain  lor  {he  trolley  wire  and  a  guy 
anchor  for  each  pole. 

T'he  messenger  cable  is  held  at  each  bracket  arm  by  a  clamp 
and  collar  which  embrace  the  porcelain  so  that  the  cable  cannot 
come  down  even  if  the  porcelain  should  break.     The  character  of 
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the  insulation  and  the  construction  of  ilic  bracket  arm  ru'c  shown 
in  Figs.   I   and  2. 

'Idle  trolley  line  is  of  standard  grooved  section  and  is  supported 
from  the  messenger  cable  1)\-  means  of  rigid  liangers  ])laccd  at  ten 
foot  intervals.  These  are  adjusted  in  Unglh  so  that  the  trolley 
wire  is  horizontal. 

At   necessary    points   throughout    the    line   anchor   clamps   and 


FIG.    2 — VIEW    OF    .\    CURVE    AND    TRESTLE    ON    THE    WARREN    &    JAMESTOWN    SINGLE- 
PHASE  RAILWAY,    SHOWING   CATENARY  LINE   CONSTRUCTION. 


Strain  ears  are  provided  with  guy  cables  running  to  porcelain  strain 
insulators  attached  to  the  poles. 

Section  break  insulators  are  provided  in  the  trolley  line  at  sub- 
stations where  a  change  in  voltage  occurs.  These  also  atTord 
means  for  cutting  out  a  section  without  shutting  off  the  entire 
line. 


FUSES 

CHARAGTERISTICS-STANDARDIZATION-TYPES 

DEAN  HARVEY 
CHARACTERISTICS 

ONE  of  the  principal  features  of  the  fuse  is  its  overload  time 
element.  Before  a  given  current  will  heat  up  the  fuse 
metal  to  its  melting  temperature  a  certain  fixed  time 
nuist  elapse.  Tliis  time  lag.  as  it  is  commonly  called, 
rapidly  decreases  as  the  current  increases.  Fig.  i  shows  the  over- 
load time  element  for  a  400  ampere.  600  volt  enclosed  fuse.  The 
fuse  will  carry  a  ten  per  cent  overload  indefinitely.  It  will  open  in 
about  ten  minutes  at  r)Oo  am])cres.  in  two  minutes  at  800  amjiercs, 

in  one-half  a  minute  at 

1  000  a  m  p  e  r  0  s.  or  in 
about    seven    seconds    at 

2  ooo  amperes. 
The    time    e  1  e  m  e  n  t 

IcngLhens  with  the  in- 
crease of  the  ca])acil\' 
of  the  fuse.  h'ig.  2 
shows  the  time  re;|uired 
for  standard  enclosed 
fuses  to  operate  at  50 
])vy  ceiU.  overload,  the 
I  i  m  e  var\  ing  from  ^(i 
seconds  for  the  30  ani- 
i)erc  fuse  to  ten  minutes 

riG.     I — CURVE     SHOWING     OVERLOAD     CAPACITY     OK     ^  ,        ^  .-      . 

500-VOI.T,       400-AMl'EKE       NATIONAL       STANDARD    lOr   tllC  (KXl   anipcrC    tUSC. 

ENCLOSED  rrsE  'fl,^>    large    fuses,    on 

.-iccouiit  of  iheir  greater  dimensions.  re(|uire  a  much  longer 
limi'  lo  reach  their  maximum  temperatures  than  tuses  of  small 
capacity.  l*'ig.  3  shows  a  temperature  cur\e  tor  a  (kh>  am- 
jjcre,  J~,n  volt  enclosed  fuse,  the  tenrperaturi-  being  measureil  by  a 
tliermonieter  ])laced  on  tlie   fuse  at  the  center. 

b'.nelosed  fuses  requir'-  considerable  care  both  in  design  and 
manufacture  t(»  make  them  operate  salisl"aclorily.  The  proportions 
and  relative  location  of  parts  as  well  as  the  composition  of  fuses  all 
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have  a  marked  effect  on  their  operation  when  subjected  either  to 
overload  or  short-circuit.  For  this  reason  enclosed  fuses  should  be 
returned  to  the  factory  to  be  refilled  as  otherwise  their  successful 
operation  cannot  be  assured. 

There  is  a  common  impression  that  fuses  and  overload  circuit 
breakers  have  practical- 
ly the  same  characteris- 
tics, though  such  is  not 
the  case.  The  overload 
circuit  breaker  depends 
for  its  operation  upon 
the  quantity  of  current, 
while  the  blowing  of  a 
fuse  is  dependent  both 
upon  the  quantity  of 
current,  and  upon  the 
time  during  which  it  is 
applied.  The  circuit 
breaker  will  open  im- 
mediately at  any  over- 
load in  excess  of  its 
setting,  but  will  not 
operate  at  any  smaller 
current,  no  matter  how 

,  (-•  1  Cf         1      "G-    2— CURVE    SHOWING    TIME    REQUIRED    FOR    NA- 

long  continued,     btancl-      xional  standard  enclosed  fuses  to  blow  at 
ard   fuses,   on  the  other      fifty    per    cent,    overload,    fuses    cold    at 

START 

hand,     will     operate     in 

time  at  as  small  an  overload  as  twenty-five  per  cent.,  and  will  open 

in  a  proportionately  shorter  time  with  greater  overloads. 

In  determining  the  proper  size  of  fuses  to  protect  any  appara- 
tus, the  overload  time  element  should  be  considered  in  connection 
with  the  smallest  current  likely  to  prove  dangerous.  The  low  cost 
and  the  overload  time  element  of  the  fuse  render  it  particularly 
suitable  for  the  protection  of  motor  circuits,  as  it  will  carry  a  cer- 
tain overload  for  a  short  time  but  will  open  if  the  overload  con- 
tinues. 

For  alternating-current  motors  taking  a  starting  current  much 
more  than  the  full-load  value,  fuses  which  would  carry  the  starting 
current  would  not  give  much  protection  except  against  a  short-cir- 
cuit. In  order,  therefore  to  afford  adequate  protection,  a  second  set 
of  fuses  is  necessary.     These  fuses  should  be  switched  into  the  cir- 
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cuit  after  the  motor  has  come  up  to  speed.  When  thus  used  they 
may  be  of  suitable  capacity  to  give  much  better  protection  to  the 
motor. 

The  use  of  two  enclosed  fuses  in  parallel  is  not  advisable  un- 
less sufficient  resistance  is  placed  directly  in  series  with  each  fuse 
to  render  the  contact  resistance  of  the  fuse  negligible.  Fuses  have 
such  low  resistance  that  equal  resistances  in  the  two  branches  can- 
not be  insured  except  by  the  arrangement  just  mentioned,  as  the 
resistance  of  the  contacts  w^ould  be  proportionately  large.  When 
branches  of  unequal  resistance  are  in  parallel  the  two  fuses  do  not 
carry  equal  currents  and  are  likely  to  open  the  main  circuit  at  a 
current  less  than  their  combined  carrying  capacity. 

STANDARDIZATION 

The  various  types  of  open  link  fuses  which  have  been  in  com- 
mon use  for  a  number  of  years  are  objectionable  as  the  fuse  metal 
is  exposed  and  there  is  a  considerable  flash  and  throwing  of  fuse 
metal  when  the  fuse  operates  under  heavy  overload  or  short-circuit. 


100 

90 

1 

X 

80 

1 

y 

70 

. 



U 

§60 

,^ 

^^ 

fso 

/ 

B 
^40 

/ 

' 

K 

/ 

r 

690 
•Amperes 

20 

* 

* 

10 

* 

. 

>■ 

0 

J 

2 

3 

■ 

'imr  in 

4 
Hours 

5 

6 

7 

FIG.    3— CURVE    SHOWING    RATING    TEST    OF    2SO-V0LT,    60O-AMPERE  NATIONAL 
STANDARD    ENCLOSED    FUSE 

This  has  made  it  necessary  to  enclose  such  fuses  in  cabinets  except 
when  installed  in  ])laces  where  the  flash  and  hot  metal  can  do  no 
harm.  Also,  open  link  fuses  cannot  be  very  accurately  rated  on  ac- 
count of  the  exposure  of  the  fusible  strip.  It  was  to  overcome  these 
objections  that  the  enclosed  type  of  fuse  was  developed. 
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The  enclosed  fuse  consists  essentially  of  a  fusible  element  en- 
closed within  a  tube  filled  with  a  material  to  exclude  the  air  and  to 
facililat(.'  the  ()])enm^-  of  the  circuit  when  the  fuse  blows.  Suitable 
terminals  are  pro\'ided  so  thai  the  fuse  ma_\-  be  mounted  in  a  fuse 
l)lock. 

Complete  lines  of  enclosed  fuses  were  develo])ed  by  several 
manufacturers,  each  make  of  fuse  having  different  dimensions  from 
those  of  other  makes.  This  often  made  it  very  difficult  to  ol)tain 
fuses  for  renewals,  as  the  corresponding  capacities  of  the  cliff  event 


FIG.    4 — LINE    OF    ALUMINUM    AND    COMPOSITION    OPEN 
LINK   FUSES 

makes  did  not  have  the  same  dimensions,  and  hence  coi'M  not  be 
used  in  the  same  fuse  block.  On  this  account  dangerous  s>ubstitutes 
f(jr  fuses  were  frequently  used.  Furthermore,  enclosed  fuses  were 
not  uniformly  rated,  as  some  makes  were  rated  at  about  their  maxi- 
ninm  carrying  capacity,  while  others  were  rated  at  about  eighty 
])er  cent,  of  this  amount,  making  a  difference  of  twenty-five  per 
cent,  in  the  carrying  capacity. 

So  much  confusion  resulted  from  the  lack  of  uniformity  of  the 
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FIG.  5 — PLUG  FUSE  CON- 
TAINING REMOVABLE 
CARTRIDGE  FUSE  FOR 
250  VOLTS,  1-60  AM- 
PERES 


coinmercial  types  of  fuses  that  finally  a  conference  was  held  be- 
tween the  representatives  of  the  Underwriters  National  Electric 
Association  and  the  fuse  manufacturers, 
for  the  purpose  of  adopting  standard  re- 
quirements for  enclosed  fuses.  A  report 
of  the  preparation  of  the  standard  was 
given  by  'Sir.  H.  U.  Lacount  in  a  recent 
paper.  '•' 

Standard  dimensions  and  test  reciuire- 
ments  were  prepared  for  250  and  600  volt 
fuses.  These  requirements  are  given  in  the 
1905  edition  of  the  National  Electric  Code 
under  Rules  52  and  53.  Fuses  constructed 
in  accordance  with  the  standard  are  known 
as  National  Electrical  Code  Standard 
fuses.  The  dimensions  of  the  fuses  have 
been  carefully  worked  out  and  are  as  small 
as  it  is  safe  to  make  them.  Standard  fuses  arc  now  made  by  all 
the  principal  fuse  manufacturers,  and  are  interchangeable  m  all 
National  Electrical  Code  Standard  fuse  blocks  of  corresuonding 
capacity.  The  use  of  fuses  of 
special  dimensions  and  particularly 
those  smaller  than  the  standard 
should  be  discouraged. 

Much  credit  is  due  to  the  mem- 
bers of  the  I'nderwriters  com- 
mittee for  their  work  in  the  prepa- 
ration of  the  standard,  and  to  the 
various  fuse  manufacturers,  who  gave  their  hearty  co-operation. 
The  standard  .livides  enclosed  fuses  into  classes  accordmg  to 
the  voltage  and  ampere  capacity  and  speci- 
fies the  dimensions  for  each  class  so  that 
a  given  fuse  can  be  used  only  in  a  fuse 
block  of  its  class.  The  fuses  are  rated  so 
filial   thev  will  carry   leu  jier  cent,  overload 

^r'  mdefinitelv,    and    will    open    at    twenty-five 

'^^  IXM-   cent,    overload.      The    following    table 

su.NTvi'EFusE  (fiffereut   classes   and   the   maxi- 

Bl.nCK,      2500      VOLTS,      FORS^IVCS     tllC     (lUltlClU     «.m..  v 

swiTrnno.vRD  service  mum    time    within    which    enclosed    tuses 

must     operate     at     50    per     cent,     overload. 


p,e.  6 N.VTIONAU  STA.NDAKD  EN- 
CLOSED FUSE  BLOCK.  FRONT  CON- 
NECTION, 250  VOLTS,  61-100  AM- 
PERES 


*See  Trans.  A.  I.  p..  g.  Sept.  1905. 
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Two  classes  according  to  voltage,  (i) 

(2) 


Style  of  terminals 

Cartridge  fuse,     ) 
ferrule  contact      1 


Cartridge  fuse, 
knife-blade  contact 


o — 250  volts. 
251 — 600  volts. 


Ampere  Rating 

Q— 30 

31—60 

61 — 100 

loi — 200 

201 — 400 

401 — 600 


Time  to  operate 
30  sec. 

1  mill. 

2  min. 
4  min. 
8     min. 

10     min. 


FIG.    8 — UXE   OF    ENCLOSED    FUSES 

One  fuse  of  each  ampere  classification  is  shown,  as  follows : 


600  volts 

0-30 
31-60 
.61-100 
101-200 ; 
201-400 
401-600 
3  500  volts 
61-100 
31-60 
16-30 
6-iS 
o-S 


20000  volts 

0-5 

15000  volts 

0-7 

6600  volts 

0-4 

5-15 

I  500  volts 
2  500-V  o  1 1  fuses 
used    for    i  500- 
volt  service  up  to 
200  amperes. 


250  volts 

0-30 
31-60 

101-200 

101-200 

201-400 

401-600 

2  500  volts 

61-100 

31-60 

16-31 

6-15 

0-5 
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The  small  125  volt  Edison  plug  fuses  are  used  in  capacities  up 

to  30  amperes. 

Fig.  5  shows  the  250  volt 
Edison  plug  type  of  fuse  used 
in  capacities  up  to  60  amperes. 
Ordinary  cartridge  fuses  are 
used  within  a  fuse  plug  casing. 

TYPES 


A   complete    line    of   enclosed 

FIG.    9 — HIGH    POTENTIAL   ENCLOSED   FUSE  fuSCS     (OUC    fuSC    of    Cacll    claSsifi- 
BLOCK  FOR  20  000- VOLT   SERVICE  ,.        >.     •         <  ■       x?-         O       T^l 

cation)  IS  shown  111  rig.  o.  ihe 
same  forms  of  terminals  are  used  for  all  classes  of  fuses  up  to 
3  500  volts  inclusive,  with  ferrule  contacts  up  to  60  amperes  ca- 
pacity, and  knife-blade 
contacts  for  the  larger 
fuses.  Fuses  for  the 
higher  potentials  have 
terminals  of  a  modi- 
fied knife-blade  type. 
T,'  h  i  s  construction  is 
especially  desirable  for 
high  voltage  fuses  as 
it  allows  them  to  be 
handled  by  means  of 
insulated  fuse  tongs, 
so  that  the  attendant  is 
it  is  in  the  fuse  block. 


FIG.     ID — RAILW.W    FUSE    BOX,    6oO    VOLTS 

not    required    to    touch    the    fuse    while 


Fig.  6  shows  a  fuse 
block  for  a  250  volt  100 
ampere  enclosed  fuse 
w  i  t  h  knife-blade  con- 
tacts. For  the  i  500, 
2  500  and  3  500  volt 
fuse  blocks  the  fuse 
FIG.    II— RAILWAY    TYPE    iLSE    BOX,    SHOWING  holdcrs  are  mounted  on 

INTERIOR  OF  BOX    AND   RIBBON    FUSE  ,    ,  ,  t- 

marble    bases,      r  o  r 
higher  voltages,  porcelain  insulators  are  used,  mounted  on  metal 
bases.    The  fuse  block  shown  in  Fig.  g  is  for  20  000  volt  service. 
The  expulsion  type  fuse  block  shown  in  Fig.  7,  is  frequently 
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used    in    s\\  itclil)! )ar(l    unrk.       I  his    tusf    l)liick    consists    of.    a    rc- 
ini)\al)k'     fuse    lidlder    of    li^nuiu     vilac,    (,(|ni])i)c'(l    with    terminals 

whicli  lit  into  rec])taclcs  on  the  switch- 
board. Tile  fuses  are  oi  tlic  alunii- 
iiniii  link  type.  I'"acli  lialf  of  the  fuse 
holder  lias  projections  cxteiidiuf^  into 
corres])ondin_!4-  depressions  in  the  other 
half  and  tits  closely  over  the  fuse. 
The  vent  at  the  center  of  the  fuse  is 
small  and  the  arc  is  blown  out 
through  the  vent  when  the  fuse  opens. 
These  fuse  blocks  are  made  in  ca- 
pacities up  to  2  500  vcjlts  and  300  am- 
peres. 

The  fuse  block  shown  in  Figs.  10 
and  1 1  is  used  in  electric  railway 
work  and  is  mounted  uiulerneath  the 
car.  The  fuse  consists  of  a  co])per 
ribbon  with  a  hole  at  the  center.  The 
box  is  designed  so  as  to  provide  a 
strong  magnetic  field  to  blow  out  the 
arc  wd.ien  the  fuse  opens. 

For  circuits  of  very  high  potential 
the  demand  for  a  cheap,  reliable,  cir- 
cuit-opening device  with  overload 
time  elements  is  met  by  the  high  po- 
tential fused  circuit  breaker.  This  de- 
vice is  made  in  various  sizes  up  to 
Go  000  volts  and  100  amperes  capacity. 
The  fused  circuit  breaker  shown  in 
hdg.  12  is  designed  for  potentials 
from  3000  to  40000  volts.  The 
operating  part  of  this  apparatus  con- 
sists of  a  movable  wooden  arm  pivot- 
ed at  one  end  to  a  stationary  arm. 
FIG.  I2-HIGH  POTENTIAL  FUSED  ^^^^^^u  Set  the  breaker  is  held  closed 
CIRCUIT  -  BREAKER,  3  000  TO  bv  the  fusc.  Whcu  the  fuse  opens 
40000  VOLTS,  loo  AMPERES  ^^^   Hiovablc    ami    is    released    and    a 

spring  forces  it  aw^ay  from  the  stationary  arm,  thus  making  a  very 
long  break.    The  circuit  breaker  may  also  be  operated  by  hand, 


PROTECTIVE  APPARATUS 

FOREIGN  PRACTICE 
Use  of  Resistance  Methods  of  Installation  -  Cable  Protection— Line  Protection 

N.  J.  NEALL 
USE  OF   RESISTANCE 

IX  the  preceding-  articles  dealing  with  lightning  arresters  and 
choke  coil  practice  abroad,  casual  reference  only  has  been  made 
to  the  use  of  resistances.  Aside  from  the  American  arresters, 
which  make  a  resistance  as  much  a  part  of  apparatus  as  any  other, 
no  such  absolutely  selective  use  is  found  in  Eitropean  practice. 

Probably  the  one  form  most  used,  and  thus  particularly  charac- 
teristic, is  the  form  of  water  resistance,  shown  in  Fig.  I.     It  consists 
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Gola  Lightning  Arrester 

i 


To  Apparatus 


Horn  Lightning  Arresters 


Water  Rcr.istance 


U^     1 


Ground 

KiC.     r — AKK'ANCEMKNT    OK    I'KOTKCriVK    Al'l'AKATl'S    I"()K    .^  GOO   VOLT    (.liailT    AS    I'KO- 

roSKI)    IIV    COLA. 

essentially  of  a  ttibe-like  porcelain  holder,  containing  water,  ci^n- 
nection  being  made  at  either  end  li\  an  eleclr(tdc  passing  throngli 
the  cap  and  dipping  into  the  water.     A  \-arialion  ot  this  is  shown  in 

i-ig.    2. 

Another  form  of  water  resistance  is  shown  in  l'"ig.  _^.  where 
the  essential  part  consists  of  a  glass  tube  holding  the  water.  The 
tubes  are  connected  b\-  mi-ans  o\  rnblier  hose  to  a  large  reserviMr, 
which  is  grounded,  conneelion  to  the  lightning  arrester  proper  be- 
ing made  at  terminals  at  the  top  of  the  glass  tubes. 
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All  water  resistances  of  pure  water  have  several  well  known 
defects ;  they  cannot  carry  much  current,  the  water  evaporates  and 
the  quality  of  the  water  must  be  kept  very  uniform  to  maintain  equal 
service.  They  have,  moreover,  a  high  equivalent  spark  gap ;  that  is, 
they  do  not  discharge  freely. 

Another  form  of  resistance  is  composed  of  wet  clay  in  a  porce- 
lain tube,  the  clay  being  covered  with  oil  to  prevent  evaporation  of 
the  moisture  and  thus  it  preserves  a  constant  resistance.  See  Fig. 
4.  Resistance  made  of  tubes  of  conducting  and  non-conducting 
particles  are  also  used.     See  Fig.  5.  One  form  of  wire  resistance  is 


Phjse  r 


Phase  H 


Wooden  Support        _L  I         Cast  Iron  Sleeve 


FIG.    2 — HORN    TYPE    ARRESTERS    WITH    WATER    RESISTANCES    FOR    USE    ON    A    5  GOO 
VOLT   TWO-PHASE   LINE. 

used.     This  consists  of  fine  wire  woven  on  an  asbestos  foundation. 
The  coil  thus  formed  is  mounted  on  a  frame  and  immersed  in  oil. 

METHODS  OF  INSTALLATION 

Torchio,  in  summarizing  his  recent  observations  in  Italy,  says 
in  his  A.  I.  E.  E.  paper  at  the  October,  1905,  meeting,  that  the  best 
practice  of  to-day  for  the  protection  of  Italian  transmission  lines 
indicates  that  the  plan  shown  in  Fig.  7  should  be  adopted.  This 
plan  shows : 

"ist — The  terminals  of  the  transmission  lines  should  be  extend- 
ed in  a  direct  line  some  distance  away  from  their  entrance  into  the 
stations  and  the  ends  should  be  equipped  with  Siemens'  horn  arrest- 
ers grounded  through  water  resistances. 

2nd — On  the  line  side  of  the  branch  entering  the  station  a  water 
resistance  static-discharger  should  be  installed. 

3rd — Choke  coils  and  ordinary  lightning  arresters  should  be 
installed  inside  the  stations.  Possibly  choke  coils  of  the  series 
lightning  arrester  type  should  also  be  used. 
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4th — Siemen's  horn-arresters  should  be  used  on  the  poles 
along  the  line  after  careful  study  of  the  installation.  Series  light- 
ning arresters  with  horn 
arresters,  o  r  ordinary 
lightning  arresters  may, 
however,  be  installed  at 
particular  points  ;  as,  for 
instance,  where  a  line 
divides  into  branches,  a« 
at  special  points  install- 
e  d  in  a  mountainous 
country." 

In  this  connection  P. 
H.  Thomas  says :  "It  is 
interesting  that  Euro- 
pean engineers  are  ad- 
vising the  use  of  Ameri- 
can lightning  arresters, 
but  it  is  also  significant 
that  they  seem  to  find  it 
wise  t  o  install  special 
additional  lightning  pro- 
tective apparatus.  This 
would  indicate  that 
European  engineers  have 
not  full  confidence  in 
American  apparatus." 

Typical  foreign  lay- 
outs of  protective  ap- 
paratus are  shown  in 
Figs.  1-2-6-7-8. 

The  peculiar  points  to 
be  noted  are : 

1st — The  use  of  more 
than  one  system  of  pro- 
tection. 

2n(l — The  use  ot  ar- 
coil. 


FIG.   3 — A     FORM     OF     WATER    RESISTANCE     USED     IN 

GERMANY,   AS    MANUFACTURED   BY   THE   ALLGE- 

MEINE   ELECTRICITATS    GESELLSCHAFT. 

restcr    on     cither     side     of    a     choke 


3rd — The   almost   universal   employment   of   the    horn-arrester 
alone  or  in  series  with  other  gaps,  etc.  / 
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4tli — 'i'lu'   fri'((iU'iU   use  iif  ;i  wakT  folumn,  lluTchy  occasiiinini 

a  lii,iL;li  opiraliiii^"  loss. 
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Tlic  ,!;ciK'ral  CDiulitioiis  al)rf)a'l  Iiavc 
resiiltc'd  in  llic  <k-vcl<)i)nK'nt  of  many 
more  high  voltaji^c  cable  systems  than 
in  .America.  Tn  fact  it  is  only  recent- 
ly tliat  overhead  hij^h  voltaf^e  trans- 
mission has  been  used  U)  any  extent. 
I'or  this  reason  cable  ])rotection  is 
with  them  an  important  and  much 
studied  matter. 

In  America  this  is  far  from  bein,2^ 
so  important.     In  Xew  York,  for  ex- 
FiG.  4 — FORM    OF   CLAY    RESIST-     ample,  tlic   Manhattan  Elevated  Rail- 
ANCE  USED  ABROAD.  ^^,^^,  Compauy  has  discarded  all  pro- 

tective   apparatus    because    of    its    giving    rise    to    more    trouble 
than   it  could  prevent. 

The  question  of  protection  for  combined 
overhead  transmission  and  high  tension 
underground  cables  is  an  increasingly  im- 
portant one  in  America.     Although  certain 
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FIG.      5 — FORM      OF      POWDER 
TUBE  RESIST.XNCE  LSEI) 
ABROAD. 


methods  have  been  proposed  as 
well  as  experimentally  investi- 
gated, their  value  is  not  yet  ab- 
solutely determined. 

Possibly  the  most  notable 
work  in  cable  "  protection  has 
been  carried  out  by  the  Land  & 
Marine  Cable  Co.  of  Cologne- 
Xippes,  several  of  whose  meth- 

FIG.     6 — A      METHOD     OF     PROTECTION     FOR        i  r  .        ^-  11 

HIGH  VOLTAGE  CIRCUITS.  ^'^^    "^    protcction    may    be    de- 

scribed as  follows  : 
The  cable  choke  coil,  used  at  the  junction  of  overhead  lines  and 
cable,  as  may  be  seen  from  the  illustration,  Fig.  9.  consists  of  a  coil 
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of  a  cable  on  a  elrnin  of  suitable  material.     A  weak  point  in  the  in- 
sulation near  the  line  connection  is  supposed  to  offer  the  proper  path 
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FIG.   7 — SCHEME  OF    STATION   PROTECTION    BY   TORCHIO. 

to  earth  if  a  disturbance  reaches  the  coil  and  the  inductance  of  this 
arrangement  facilitates  the  throwiu;;-  back  of  the  disturbance.     Spe- 
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FK;.    8 — DIACkAM     SIlliWINC    PkoTlATlVF.    Al'PAKATCS    ISED    FOR    5  GOO    VOl.T    tiENF.VA- 
IIIEVKKS    TRANSM  ISSIOX. 

cial  insulatit)n  is  ])ro\ided  between  turns  and  the  whole  coil  is  insu- 
lated from  earth. 

Ciiblcs  which  are  not  cunnectetl  to  overhead  lines,  are  ueverth(;' 
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less  subject  to  static  disturbances.  These  may  arise  from  switching, 
from  short-circuit,  etc.  For  this  purpose  there  is  employed  what  is 
essentially  an  artificial  weakening  of  the  insulation  at  a  known 
place  or  spot,  and  therefore  any  failure  of  the  cable  can  be  concen- 
trated at  these  points.  This  arrangement  is  shown  in  Fig.  12,  where 
we  have  a  sort  of  spark  gap  consisting  of  two  concentric  electrodes 
A  and  B,  which  are  separated  from  one  another  by  a  layer  of  insu- 
lation and  an  oil  film  C.  A  is  connected  to  the  conductor  to  be  pro- 
tected, B  is  connected  to  earth.  £  is  a  sort  of  comb  arrangement 
of  metal  to  prevent  the  breaking  of  the  ground  connection  in  case 
the  lead  sheath  should  be  punctured  by  a  bad  short-circuit.  The 
action  of  this  device  is  as  follows : 

On  the  arrival  of  the  static  disturbance  the  layer  of  insulation 

is  punctured  and  the  oil  pours  in  to 
smother  the  arc,  so  that  the  trouble 
is  only  of  short  duration.  Fig.  13 
shows  the  practical  application  of 
this  method. 

Special  tanks  or  receptacles  are 
provided  to  contain  these  safety  de- 
vices. In  the  ground  lead  of  each 
fuse  there  is  inserted  a  resistance  to 
assist  the  oil  in  suppressing  the  arc. 
In  order  to  learn  at  any  time  the  ex- 
act locality  of  a  break-down,  signal 
wires  are  run  from  each  tank  to  a 
bell  and  signal  board.  This  is  readily  arranged  to  indicate  the 
location  of  the  trouble,  which  begins  by  the  operation  of 
the  protective  device,  the  current  passing  on  this  exciting  a  branch 
circuit,  which  in  its  turn  operates  the  bell. 

At  the  Oct.  meeting  of  the  A.  I.  E.  E.  in  New  York,  ^Ir.  H.  W. 
Patchell,  engineer  in  chief  of  Tlie  Charing  Cross,  West  End  and 
City  Electricity  Supply  Company.  Limited,  of  London,  said,  "the 
whole  of  our  line  is  underground,  sometimes  three  cables  in  one 
trough,  sometimes  two  cables  in  a  trough  and  at  other  times  only  one. 
When  we  started  there  were  some  surges.  We  tried  to  take  care 
of  the  surging  by  the  Siemens  horn  arresters,  which  we  found  were 
absolutely  useless.  When  we  worked  with  the  small  machines  it  was 
rather  uncertain  whether  the  arresters  were  useless  or  not,  but  when 
we  worked  with  the  i  600  kw  machines  there  was  no  question 
about  it.    The  current  caused  by  the  surging  made   a  bead  on  the 


9 — CABLE    CHOKE    COIL 
IMMERSED    IN    OIL 
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horn  arrester,  which  at  once  upset  the  caHbration  of  it,  so  that  at 
one  moment  we  had  a  horn  arrester  set  for  12000  volts  and  the  next 
moment,  after  a  surge,  we  had  one  that  was  set  below  the  pressure 
at  which  we  were  working.  I  think  as  far  as  spark-gap  arresters  are 
concerned,  the  less  current  we  have,  the  less  trouble  we  have.  The 
arc  forms  a  path  for  the  current,  of  lower  resistance  than  the  initial 


l'"IG.  10 — AN  INSTALLATION  FOR  THE  PROTECTION  OF  A  COMBINED  OVERHEAD  AND 
AND  UNDERGROUND  TRANSMISSION  LINE,  USING  HORN  LIGHTNING  ARRESTERS 
AND   SERIES   RESISTANCES   OF  THE   WIRE  OIL-IMMERSED  TYPE 

path,  and  so  causes  an  increased  flow  of  current  with  a  cumulative 
effect,  so  that  the  remedy  may  easily  be  worse  than  the  disease.  We 
went  from  the  Siemens'  horn  arrester,  with  the  aid  of  our  contract- 
ors, Messrs.  Lahmeyer,  of  Frankfort-on-Main,  to  a  form  of  horn 


FIG.    II — AN    INSTALLATION    FOR   THE    PROTECTION    OF    A    COMBINED    OVERHEAD    AND 
UNDERGROUND   TRANSMISSION    LINE,    USING   OIL-IMMERSED   CHOKE   COILS 

arrester  which  instead  of  finishing  with  a  sharp  point,  as  the 
Siemens'  arrester  did,  has  an  almost  ])arallel  part  at  the  lower  end, 
which,  of  course,  is  closest  at  the  bottom  where  the  spark  first 
jumps.  The  horns  are  enclosed  with  a  glass  cover  in  a  small  case, 
so  that  a  chimney  action  ensues,  which  carries  the  arc  rapidly  up  the 
parallel  portion  to  the  horns.    One  side  of  the  lower  portion  of  the 
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liDi'iis  is  (.■arhon,  and  w  r  liiid  in  praclict'  lluit  uliilc  bcad^  fdnn  be- 
tween the  Imrns,  if  both  are  cnppLT,  they  kee])  (juite  clean  if  one  is 
copper  wbiU'  tlie  other  is  faced  with  carl)on.  We  did  work  in  con- 
nection with  [hv  arrester  resistance.  The  resistances  we  tried  were 
j^KceriiH'  and  water.  We  fonnd  that  althon.u;h  the\  were  (|nite 
riL.;hl  for  some  lime  after  the\-  wvw  set  u]),  some  altered  more  than 
others.  Th  alteraticMis  puzzled  us.  but  we  at 
last  traced  it  to  some  sodium  from  the  air.  which 
altered  the  resistance  of  the  glycerine  and  water 
compound.  W'e  overcame  that  b_\'  putting  a 
trace  of  sodium  in  the  glycerine  and  water  be- 
fore starting  ofif.  We  tried  the  cylinder  type  of 
resistance,  but  we  found  that  we  cotild  not  rely 
on  them  because  the  cylinder  had  to  be  turned 
around  every  time  after  a  spark  had  passed, 
which  had  opened  the  gap.  and  for  that  reason 
we  could  not  go  nnich  farther  witb  them.  The 
way  we  did  was  to  put  a  very  small  transformer 
wit'i  practically  no  self-induction  in  the  earth 
line.  We  had  a  spark  gap,  with  a  relay  con- 
nected to  an  ordinary  bell,  and  when  the  current 
passed  through  the  spark  gap  the  bell  would 
ring.  The  station  attendant  then  noted  imme- 
diately the  time  and  the  number  of  the  spark 
gap  which  had  gone.  These  records  were  taken 
from  our  eight  stations  and  assembled.  In  this 
way  we  are  discovering  some  of  the  causes 
wdiich  result  in  the  surges.  We  find  particular- 
"t  ly  that  most  of  the  surges  occur  in  the  morning. 

Di\GR'\M-  ^^''^"'''  '"^^^^^  machines  are  started  up.     We  find  if 

M  A  T  I  c   REPRE-  there  has  been  a  fog  or  a  shock  due  to  a  surge, 
sENTATioN  OF  THE  ^j^^^  ^|      ^^^^  j^  almost  the  same  as  the  shock 

DEVICE      USED      FOR 

A  R  T  I  F  I  ciALLY  to  au  individual.    The  surges  go  on  for  probably 
WEAKENING   THE   £^       ^^  ^^^  hours.     The  main  is  nervous  when 

CABLE   INSULA- 
TION, it    takes    on    current    again.      The    surges    mean 

nothing  as  far  as  continuity  of  operation  goes, 

but    after    we    have    a    short-circuit  on  the  main,   due  to  a   faulty 

switch  or  a  joint  burning  out.  we  find  the  pulsations  go  on.  but  do 

not  give  us  any  trouble  an4    they  graduallv  die    away.     They    are 
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curious  effects,  to  which  I  would  lie  glad  if  some  of  the    physicists 
would  turn  their  attention  to." 

In  America  only  one  device  has  been  preijared  for  the  purpose 
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FIG.    13 — A     METHOD    OF    EMPLOYING    THE     WEAK    SPOT    INSULATION     SCHEME, 
TOGETHER    WITH    INDICATORS    TO    SHOW    THE    POINT    OF    BREAKDOWN. 

of  cable  protection  against  disturbances  arising  within  itself,  the  so 
called  static  discharger.  This  consists  of  a  number  of  units  of  mul- 
tigaps  and  carbon  pencils  in  series  across  the  legs  of  a  line,  there 
being  nothing  essentially  novel  in  the  ar- 
rangement other  than  its  application. 
See  Fig.  14. 

The  arrester  arrangement  known  as 
liiw  equivalent  has  been  tried  abroad 
with  success.  The  experience  in  Amer- 
ica has  been  too  limited  to  ])erniit  of  an\- 
close  information  as  to  its  real  merits. 

LINE   PROTECT r OX 

The  development  of  ])ower  trans- 
mission in  Euro])e  does  not  seem  to  have 
brought  with  it  the  attention  lo  protec- 
tion against  direct  strokes  wliich  has  so 
greatly  interested  American  engineers 
during  the  last  six  years.  'I'lie  emi)lo\- 
nient  of  iron  towers  has  doubtless  been 
of  bt'netil.  The  literaturi'  of  the  ])asl 
decade  gives  no  information  of  moment 
on  this  score,  and  one  is  led  to  conclude 
that  such  trouble  is  either  \'er\  much  less 
in  l'"uro])e  than  lure,  or  that  the  over- 
bead  plants  so  far  constructed  have  not  been  ])articularlv  exposed. 


lie.  14 —  A  DIAGRAMMATIC 
KFl'KpSENT.UION-  OK  CABLE 
I'KOTKl  TU)N  BY  THE  USE  OK 
.Mll.TIGAPS  AND  CARBON 
PENtlLS  IN  SERIES  ACROSS 
A    THREE-PHASE    LINE. 


PHANTOM  GROUNDS 

S.  M.  KINTNER 

THE  ringing-  of  a  magneto  when  connected  to  a  condenser 
has  been  the  cause  of  a  great  deal  of  annoyance  and  mys- 
tery among  some  electrical  workers.  Much  time  has 
been  spent  in  hunting  for  grounds  which  a  misinterpretation  of. 
the  magneto  test  indicated  were  present  on  a  system  of  consider- 
able capacity  to  ground.  This  action  of  a  magneto  is  now  quite 
well  understood,  Tlie  same  phenomenon  when  observed  as  in  the 
following  instance  is  not  so  generally  recognized. 

The  armatures  of  alternators  are  sometimes  reported  ground- 
ed because  the  alternating-current  voltmeter  connected  from  one 
terminal  to  ground  indicates  voltage  when  the  machine  is  run- 
ning. An  instance  of  this  kind  came  to  notice  recently  in  which 
a  medium  sized  three-phase  star-connected  alternator  was  re- 
ported grounded  in  the  armature.  In  reporting  the  trouble  the 
observer  gave  the  following  data  and  results  of  tests  made  to  de- 
termine the  certainty  of  the  ground  and  its  location. 

The  normal  voltage  between  terminals  was  2  300  and  the 
frequency  60  cycles  per  second. 

The  voltage  from  each  of  the  three  terminals  to  ground, 
measured  by  a  voltmeter  on  the  secondary  of  a  transformer,  one 
primary  terminal  of  which  is  connected  to  ground  while  the  other 
was  connected  successively  to  each  of  the  alternator  terminals 
while  the  alternator  was  running,  was  as  follows: 

When  using  a  voltmeter  transformer,  i  400  volts. 
"  "      "     I  kw  shunt        "  860     " 

"      "    5     "      "  ".  .     o     " 

"  "      "  voltmeter  and  series  resistance,  9S0  volts. 

Readings  were  also  reported  on  the  alternating-current  volt- 
meter from  each  conductor  on  the  armature,  to  ground.  These 
last  readings  were  perfectly  symmetrical  for  each  phase,  the 
values  shading,  in  each  case,  from  a  maximum  at  the  end  ri  each 
phase  to  zero  at  the  common  connection  or  neutral. 

The  reading  on  a  direct-current  voltmeter  placed  in  series 
with  a  130  volt  direct-current  machine  and  the  insulation  was 
zero.     The  voltmeter  resistance,  iiooo  ohms. 
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The  direct-current  meter,  which  could  doubtless  be  read  to 
one-fourth  of  each  division,  indicated  by  its  failure  to  show  a  de- 
flection that  the  insulation  resistance  was  not  less  than  5.7 
megohms  and  probably  more,  as  the  deflection  was  reported  as 
zero. 

The  readings  of  the  alternating-cvirrent  instruments  may  be 
understood  by  referring  to  the  diagrams,  Figs,  i  and  2.  In  Fig. 
I  the  star  winding  is  shown  diagrammatically,  each  phase  ending 


FIG.    I 

at  the  points,  ./,  B  and  C,  respectively.  The  distributed  capacity 
of  the  windings  to  iron  is  represented  by  the  small  condensers. 
The  transformer  and  voltmeter  are  shown  diagrammatically  on  the 
right,  h'ig.  2  shows  the  voltmeter  transformer  connected  to  one 
terminal  and  the  rest  of  the  circuit  is  shown  as  consisting  of  a 
generated  voltage  in  one  phase  of  the  machine  (plus  a  certain 
voltage  derived  as  a  resultant  of  the  other  two)  and  capacity  to 
the  ground  of  the  other  windings,  to  the  ground  and  back  to  the 
transformer.  The  indication  on  the  voltmeter  depends  upon  the 
voltage  impressed  upon  the  high  tension  side  of  the  transformer. 
The  voltage  that  is  thus  impressed  is  dependent  upon  the  current 
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Ilowin^',  as  with  a  lai\L;iT  cnniiil  llowiiiLi;'  a  i^rcatcr  ])cTC(.MilajL;c  of 
llic  t^c'iuTatfd  xolta^'c  will  \>v  rc(|uiiH-(l  {o  Utvcv  lliis  currt-nt 
lliroui^li  tlu'  ca])acity.  Iliis  accounts  t'or  tlu-  \ariatioii  of  ihc 
rcadini^s  witli  tlic  sizes  of  transfonncrs  as  tin-  rcfjuircnu-nts  of 
luaj^iictisin^-  ami  iron  k)ss  currents  varit'rl  considerably  for  the 
different  sizes  of  transformers  used.     In  the  data  here  jriven  this 


condition  exists:  The  smaHer  the  transformer,  the  larger  the 
voltage  reported.  The  current  requirements  of  the  live  kw  trans- 
former were  so  great  that  no  readable  indication  was  produced 
on  the  voltmeter,  as  most  of  the  voltage  drop  was  across  tbe  con- 
denser effect.  The  data  submitted  had  been  very  carefully  ob- 
tained and  was  in  most  consistent  agreement  in  proving  the 
excellence  of  the  insulation,  not  the  lack  of  it. 


EXPERIENCE  ON  THE  ROAD 

SOME  OF  THE  PRACTICAL  EXPERIENCES  OF  A  DISTRICT  OFFICE  ENGINEER 

C.  L.  ABBOTT 
LARGE   STARTING    CURRENT 

On  several  occasions  men  who  have  been  sent  out  to  investig'ate 
troubles  with  direct-current  motor  starting  rheostats,  have  discov- 
ered a  large  momentary  current  in  starting.  In  a  recent  case  a  30  hp, 
1 10  volt  motor  drew  400  amperes  from  the  line.  This  was  the  re- 
sult of  a  weak  field  due  to  wrong  connections  as  shown  in  Fig.  t. 
The  correct  method  is  shown  in  Fig.  2. 

BAD    COMMUTATION 

A  large  generator  would  not  commutate  well  on  heavy  loads. 
It    was    found    that    the    machine    was    iruaranteed    to   o\-er-com- 


FIG.     I  FIC.    2 

pound  from  550  lo  600  volts,  at  100  r.  p.  m.,  but  on  account  of 
having  to  work  in  w^ith  other  machines  on  a  large  system,  it 
could  not  1)e  operated  above  550  volts  as  a  maximum.  This 
caused  the  machine  to  work  low  on  the  saturation  curve,  and 
slight  sjjarking  at  some  points  with  a  constantly  shifting  load. 
As  the  engine  was  relatively  large  compared  with  the  generator, 
it  was  decided  to  lower  the  speed  to  go  r.  ]>.  m.,  and  work  the 
field  more  nearly  as  designed.  This  change  made  the  generator 
satistaetory  to   the   local   conipanw 

A     Xl-:w     fSl".     FOR     MICA 

A  rotating  field  alternator  hummed  badl\-  and  investigation 
shovveil  that  the  finger  plates  on  the  stationar\'  armature  were 
not  stilt  enough  to  hold  the  outer  laminations  firm  between  the 
coil  slots.  Several  efforts  wtrt'  made  to  stop  the  trouble  b\- 
upsetting  the  iron  and  finger  i)lates.  without  entirely  stopping 
the   trouble.      Finall\-   thin   strips  of   mica    were   dri\-en   between 
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the  iron  laminae,  after  having  been   coaled   with   shellac.     This 
method  was  successful. 

PARALLEL     RUNNING    OF    ALTERNATORS 

Two  belted  alternators  had  never  been  successfully  operated 
in  parallel  although  driven  from  the  same  shaft,  and  with  pulleys 
of  apparently  the  same  diameters.  A  steel  tape  was  run  over 
each  of  the  driving  pulleys,  and  a  difference  in  circumference  of 
more  than  an  inch  w-as  found.  As  the  driving  pulley  could  not 
readily  be  turned,  one  of  the  driven  pulleys  was  taken  off  and 
turned  down  to  give  the  desired  speed. 

PARALLEL   RUNNING  OF  TRANSFORMERS 

A  lot  of  transformers  connected  in  delta  and  in  a  system 
with  a  large  amount  of  other  apparatus  was  found  to  be  running 
too  hot.  Tests  were  made  of  efficiency,  iron  loss,  regulation, 
cross  currents,  power-factor,  etc.  Then  some  one  discovered 
that  the  oil  was  low.  When  the  oil  was  brought  up  to  its  proper 
level,  the  temperature  went  down  to  where  it  belonged. 

BAD    COMPOUNDING 

A  complaint  was  made  that  a  compound-wound  direct-cur- 
rent generator  in  service  more  than  a  year,  did  not  compound 
properly,  and  the  switchboard  attendant  had  frequently  to  ad- 
just the  voltage.  Investigation  showed  that  the  load  had  been 
put  between  the  negative  and  the  equalizer,  cutting  out  the 
series  coil.  When  the  matter  was  explained,  the  local  electrician 
said  he  felt  like  an  old  man,  who,  after  forty  years  discovered  that 
the  clock  he  had  wound  daily  was  of  the  eight  day  variety. 
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The  article  on  the  \\'arren  Gas  Power  Plant  which 

^        ^  appears  in  this  issue  of  the  Tourxal  invites  atten- 

Qas   Power      V  .  .        .         ,       , 

tion  to  a  recent  conspicuous  engnieering  develop- 
ment. Convinced  as  we  have  been  of  the  poten- 
tial possibilities  of  the  combustion  engine  in  power  generation,  we 
have  nevertheless  not  fully  recognized  the  extent  of  what  has  been 
achieved.  Comparatively  small  engines,  of  course,  have  been  suc- 
cessfully used  in  great  number,  and  their  performance,  in  sizes  up 
to  about  300  horse  power,  has  been  fairly  comparable  with  that  of 
steam  driven  units.  Engineers,  however,  have  been  prone  to  make 
indefinite  prediction  for  the  successful  development  of  the  gas  en- 
gine in  unlimited  size  and  capable  of  meeting  the  requirements  of 
modern  power  plant  service. 

The  success  of  the  engines  at  Warren,  therefore,  is  especially 
significant,  for  we  now  see  what  the  large  gas  engine  will  do.  The 
engines  in  question,  while  of  but  500  horse  power  each,  are  pre- 
cisely the  same  in  design  as  the  larger  engines,  and  relatively  there- 
fore they  afford  the  same  evidence  that  would  be  obtained  in  Cor- 
liss steam  engine  practice  from  an  engine  of  that  size. 

The  combustion  engine  is  certain  to  find  henceforth  very  ex- 
tended use.  Already  some  ten  or  twelve  units  of  from  3  ooo  to 
4  000  horse  power  have  been  contracted  for,  besides  a  large  number 
of  medium  sized  ones,  and  the  prediction  might  be  justified  that 
another  twelve  months  will  see  the  gas  engine  well  established  as 
the  preferable  tyj>e  of  prime  mover  where  gas  fuel  is  available  in 
adequate  quantity  and  at  a  sufficiently  low  cost.  This  development 
will  naturally  initiate  with  industrial  itlants  now  using  by-|>roduct 
gas  under  steam  boilers  or  allowing  it  to  go  to  waste,  and  in  the 
natural  gas  fields  where  there  are  many  natural  centers  of  jiower 
distribution.  We  may  venture  to  expect  that  its  subsetiuent  econo- 
mic utility  will  become  quite  general.  The  gas  ]>roducer.  crude  and 
simple  as  it   might  be  comparatively   termed,   but  hitherto   lacking 
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energetic  fk'vclf)])nK'nt,  will,  with  tlic  field  that  now  lies  before  it, 
receive  the  attention  it  deserves.  Many  industrial  plants  now 
generating  and  distributing  power  with  great  waste  will  be  able  to 
effect  almost  incredible  saving  by  the  use  of  a  central  plant  supply- 
ing gas  to  engines  for  power  and  to  various  processes  for  fuel 
purposes;  and  all  with  comparatively  no  loss  in  transmission. 

Altogether,  wben  we  recognize  that  this  thermally  most  effi- 
cient type  of  prime  mover  has  reached  the  mark  mechanically ; 
when  we  contemplate  the  amount  of  power-producing  gas  which 
now  goes  to  waste  or  is  at  present  inefficiently  used ;  furthermore, 
that  gas  may  be  made,  transmitted  and  used  with  a  markedly  better 
net  efficiency  than  now  attends  the  use  of  steam ;  and  when  we  final- 
ly realize  what  a  broad  field  for  investigation  and  knowledge  this 
subject  presents,  the  conclusion  is  evident  that  our  engineers  will 
henceforth  be  required  to  devote  much  thought  to  the  problems  in- 
volved. E.  H.  Sniffin 


Electricity  is  pre-eminent  by  reason  of  the  new 
The  Electro-  methods  it  has  introduced.  New  methods  in  turn 
Chemical  give  rise  not  only  to  more  efficient  means  of  se- 

Industry  curing  results  formerly  obtained  by  other  methods, 

but  also  give  rise  to  results  absolutely  unattain- 
able by  other  means.  Carborundum  is  one  of  the  resultant  pro- 
ducts made  possible  by  the  introduction  of  electricity.  The  article 
by  Mr.  H.  R.  Stuart  in  this  issue  of  the  Journal  describes  some 
of  the  apparatus  used  in  the  production  of  carborundum  by  the 
electric  furnace.  The  process  of  making  carborundum  is  an  ex- 
cellent example  of  one  of  the  new  methods  that  the  use  of  elec- 
tricity has  introduced.  The  electric  furnace  gives  us  the  ability 
to  obtain  temperatures  far  beyond  those  obtainable  by  any  other 
known  means.  The  temperature  attainable  within  an  electric  fur- 
nace is  simply  a  question  of  putting  in  heat  on  the  one  hand  and  its 
radiation  on  the  other.  Within  certain  limits  this  ratio,  and  hence 
the  temperature,  may  be  made  anything  desired. 

There  are  many  other  products  of  this  new  electric  method. 
Graphite,  calcium  carbide  and  phosphorus  are  among  those  that 
are  well  known  owing  to  the  extent  to  which  the  electric  furnace 
process  has  been  used  in  their  production.  This  method,  however, 
is  one  whose  usefulness  is  only  just  beginning  to  be  properly  ap- 
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predated,  and  the  electric  furnace  of  the  future  is  undoubtedly  des- 
tined to  become  an  industrial  factor  of  great  productiveness. 

Another  new  manufacturing  method  is  that  covered  by  the 
general  term,  "electrolytic  action."  The  electrolytic  refining  of 
copper  and  other  metals  is  an  item  that  comes  under  this  head. 
The  aluminum  industry  owes  its  existence  to  this  property  of 
electricity. 

Another  source  of  industrial  activity  founded  on  this  property 
is  the  ability  of  electricity  to  break  up  chemical  compounds  into 
their  elements.  These  elements  may  then  be  reunited  in  any  manner 
desired.  Common  salt  is  thus  electrolytically  broken  up  into  chlor- 
ine and  sodium.  The  chlorine  is  absorbed  by  lime  to  make  bleach- 
ing powder,  and  tlie  sodium  unites  with  water  to  make  sodium 
hydrate  or  caustic  soda.  This  latter  is  again  decomposed  electro- 
lytically to  form  metallic  sodium,  which  is  again  recombined  into 
almost  numberless  useful  substances.  Still  another  product  of  the 
electrolytic  decomposition  of  salt  is  chlorate  of  sodium,  which  in 
turn  finds  its  way  into  matches,  explosives  and  numerous  other 
products.  Salt  is  only  one  of  many  of  the  compounds  that  can  be 
successfully  dissociated  and  recombined.  The  method  is  applica- 
ble to  practically  any  compound  that  enters  into  a  conducting  so- 
lution. 

Electricity  makes  for  new  and  improved  methods,  and  such 
methods  make  not  only  for  higher  efficiency,  but  also  for  results 
not  obtainable  bv  other  agfents.  Paul  M.  Lincoln 


The   relation    of    frequency    to    illumination   of    in- 
Twenty-five       candescent  lamps  has   been   the  subject  of  discus- 
Cycle  sion  among  engineers   on   many   occasions.     Very 
Lighting          often  these  discussions  deal  with  only  a  part  of  the 
su])ject   and   do   not   take   into   consideration   other 
elements  which  enter  into  the  problem. 

The  fundamental  physical  condition  is  that  the  heat  generated 
by  the  current  passing  through  rhc  filament  is  not  contiinious  but 
varies  through  the  cycle  approximately  in  proportion  to  the  square 
of  the  instantaneous  value  of  the  current.  This  variation  in  the 
production  of  heat  causes  a  variation  in  the  temperature  of  the 
filament.  The  variation  in  temperature  is  in  turn  dependent  upon 
the  specific  heat  of  the  filament,  upon  its  mass  and  upon  the  rate 
at  which  heat  is  dissipated.     The  variation  in  temperature  causes  a 
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variation  in  the  luminous  intensity  or  the  candle-power  of  the  lamp. 
The  foregoing  conditions  are  subject  to  variation  in  different  cases. 
In  the  hrst  place,  the  variation  in  the  current  is  not  always  at  the 
same  rate ;  one  condition  prevails  when  the  current  wave  is  of  the 
sine  form  and  another  when  the  wave  is  flatter  than  the  sine  wave, 
or  when  it  is  more  pointed.  The  generation  of  heat  varies  from 
zero  to  maxinunn.  If  successive  intervals  of  equal  duration  be 
taken,  such  that  alternate  intervals  contain  the  maximum  and  the 
intervening  the  minimum  rate  of  heat  production  in  the  filament, 
then  the  total  heat  in  one  of  these  intervals  is  about  four  times  that 
in  the  other  interval,  in  the  case  of  the  sine  wave.  If  the  wave  be 
flatter  than  a  sine  wave  the  relative  values  of  current  and  of  heat- 
ing during  the  maximum  interval  are  decreased  and  those  in  the 
minimum  interval  are  increased,  thereby  reducing  the  range  of 
fluctuation  in  temperature.  Conversely,  if  the  wave  be  more  pointed 
than  the  sine  wave,  the  fluctuations  are  increased.  It  follows, 
therefore,  that  the  heat  produced  in  the  filament  in  successive  inter- 
vals is  very  intimately  dependent  upon  the  wave  form,  especially  as 
the  rate  at  which  heat  is  produced  does  not  vary  directly  as  the 
current  but  as  the  square  of  the  current,  and  that  the  variations  are 
less  the  flatter  the  wave. 

There  may  be  other  variations  in  current  besides  those  occa- 
sioned by  the  normal  action  of  alternating-  current.  Thus,  if  two 
alternators  running  in  parallel  do  not  have  uniform  and  equal  ro- 
tative speeds  there  may  be  a  periodical  fluctuation  at  a  lower  fre- 
quency than  the  normal  frequency  of  the  circuit,  which  manifests 
itself  in  the  motion  of  sensitive  indicating  instruments  on  the 
switchboard  and  which  will  likewise  tend  to  produce  somewhat 
similar  effects  in  incandescent  lamps. 

The  changes  in  temperature  and  in  illumination,  caused  by  the 
variations  in  the  heat  developed  in  the  filament,  are  obviously  de- 
pendent upon  the  diameter  and  other  characteristics  of  the  carbon 
filament ;  or,  expressing  the  same  thing  in  another  way,  upon  the 
voltage,  the  candle-power  and  the  efficiency  of  the  lamp,  as  these 
elements  are  factors  upon  which  the  diameter  and  other  character- 
istics of  the  filament  depend.  The  final  result  is  a  variation  in 
candle-power,  for  which  curves  corresponding  to  certain  conditions 
are  given  in  an  article  in  this  issue  of  the  Journal. 

The  further  question  is  the  eft"ect  of  this  variation  in  candle- 
power  upon  the  eye.  T'he  problem  is  both  physical  and  physiologi- 
cal.    New  elements  enter ;  the  intensity  of  illumination ;  the  char- 
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acter  of  surrounding  surfaces,  such  as  reflecting  walls  and  the 
like ;  the  purposes  for  which  the  illumination  is  used,  all  enter  as 
factors.  Moreover,  the  stability  of  the  filament  is  a  feature  of 
some  consequence  as  a  rapidly  vibrating  filament,  which  may  under 
certain  conditions  result  from  the  reaction  of  the  current  in  the  fila- 
ment upon  an  external  magnetic  field,  may  produce  a  noticeable 
effect  upon  the  eye.  The  eye  is  apparently  more  sensitive  to  the 
rapid  variations  in  illumination  when  the  light  is  reflected  from 
a  surface,  such  as  a  white  wall,  than  it  is  when  it  comes  directly 
from  the  filament  of  the  lamp.  Different  portions  of  the  retina  are 
not  equally  sensitive,  light  impinging  upon  the  eye  at  an  angle  of 
about  45  degrees  seems  to  strike  a  more  sensitive  region  than  light 
which  comes  from  directly  in  front  of  the  eye. 

In  considering  the  eft'ect  upon  the  eye  it  is  necessary  to  con- 
sider not  only  those  vibrations  which  may  be  readily  observed  or 
detected  when  they  are  looked  for,  but  also  to  note  whether  the 
fluctuation  produces  fatigue  or  nervousness,  as  the  result  of  con- 
tinuous use  of  the  light  in  office  work,  although  there  may  be  no 
apparent  immediate  inconvenience.  I  recall  that  the  eminent 
physicist,  the  late  Professor  Rowland,  remarked  that  the  proper 
test  for  the  operation  of  incandescent  lamps  on  low  frequency  alter- 
nating current  would  be  to  have  an  old  lady  use  the  light  for  read- 
ing and  see  whether  it  hurt  her  eyes.  On  second  thought,  this  sug- 
gestion that  the  problem  is  really  a  physiological  one  does  not 
seem  to  be  far  wrong. 

The  problem  is  certainly  a  very  interesting  one  from  the  theo- 
retical standpoint.  The  real  test,  however,  is  tlie  practical  one  of 
actual  experience.  Twenty-five  cycle  current  is  in  pretty  general 
use  for  incandescent  lighting.  The  report  in  this  issue  of  the  il- 
lumination of  the  city  of  Buffalo  is  quite  to  the  point.  My  own 
view  of  the  matter  is  to  the  effect  that  the  illumination  by  incandes- 
cent lamps  at  25  cycles  is.  in  general,  quite  satisfactory  for  most 
purposes,  but  it  is  impossible  to  give  a  broad  assurance  that  it  will 
always  be  found  satisfactory  for  the  reason  that  dift'erences  in  the 
character  of  the  current  su]-)plie(l  and  of  the  lamps  used  are  im- 
portant factors,  and,  moreover,  lamps  that  wmild  lie  satisfactorv 
under  most  surroundings  and  for  many  kinds  of  service  might  be 
unsatisfactory  in  other  surroundings  when  the  re([uiremcnts  were 
quite  exacting. 

CiiAs.  F.  Scott 
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I  have  noticed  articles  from  time  to  time  on  En- 
A  Spelling  ginccring  J^nglish  and  have  heard  college  profess- 
Lesson  ors  and  others  speak  of  the  imi>ortance  of  acquir- 

ing facility  in  the  use  of  English.  Such  things, 
however,  are  apt  tu  make  only  a  general  ini[)ressi(jn.  A  much  more 
distinct  and  definite  impression  was  made  in  a  report  which  1  had 
occasion  to  examine  a  short  time  ago.  In  it  occurred  various  speci- 
mens of  distorted  aggregations  of  letters,  of  which  the  following 
are  examples :  togeather,  stile,  acceliration,  spesific,  iner,  ohmes, 
fragel,  extry,  indipendently,  catridge,  bilt,  arester,  coeficant,  usaly, 
and  trolly. 

I  was  especially  struck  by  the  nature  of  the  impression  which 
these  errors  made  upon  me.  They  had  a  tendency  to  discredit  the 
intelligence  of  the  writer  and  to  give  a  suspicion  that  carelessness 
and  inaccuracy  might  characterize  his  ideas  and  his  statements  as 
well  as  his  orthography.  The  report  as  a  whole  had  evidently  in- 
volved a  great  deal  of  painstaking  work ;  hence,  it  was  a  pity  to 
have  the  excellence  of  the  impression  which  it  should  have  made 
marred  by  errors  seemingly  trivial  but  inexcusable.  General  reform 
in  spelling  may  be  a  very  commendable  movement,  but  it  is  rather 
dangerous  to  be  a  pioneer  in  such  matters. 

When  I  was  called  upon  to  contribute  something  to  the 
Journal  it  seemed  to  me  that  what  has  just  been  related  was  of 
sufficient  interest  and  consequence  to  be  worth  a  passing  note.  ] 
have  in  mind  that  people  who  live  in  glass  houses  should  not  throw 
stones ;  so  as  a  precaution  for  my  personal  safety  I  will  not  sign 
my  name. 


The  publicity  plans  of  the  Co-operative  Electrical 
Co-operative      Development   Association   deserve   the  hearty   sup- 
Electrical  port  of  the  several  hundred  thousand  men  directly 
Development     and  indirectly  interested   in  the  extension  of  elec- 
tric   service.     As   Mr.   J.    Robert   Crouse,   Jr.,   has 
insistently  pointed  out,  the  result  must  be  obtained  by  co-operation. 
Now  that  the  plans  for  working  out  this  co-operation  in  a  large  way 
are  in  the  hands  of  a  representative  committee,  it  looks  as  if  we 
were  to  have  aggressive  action.     In  our  opinion,  however,  the  more 
rapid   extension    of   electric    service  in   any   particular  community 
will   remain   largely   a   special    problem,    and    an    aid    bureau    ox 
experts  might  be  useful  in  looking  into  individual  cases  of  slow  or 

arrested  electrical  development. 

J.  H.  Smith 


THE  NEW  HAVEN  AND  THE  SARNIA   TUNNEL 
ELECTRIFICATIONS 

B.  G.  LAMME 
Chief  Engineer,   Westinghouse  Electric  &  Mfg.  Company 

Air.  Lamme,  who  is  the  recognized  leader  in  single-phase  railway  de- 
velopment, presented  a  paper  before  the  New  York  Railroad  Club,  "\Iarch 
i6th,  on  "Alternating-Current  Electric  Systems  for  Heavy  Railway  Ser- 
vice." The  paper  gives  a  comprehensive  review  of  the  development  of 
direct-current  traction,  the  limitations  of  low  voltage  in  distance  of  trans- 
mission and  amount  of  power  which  can  be  taken  from  a  trolley  wire, 
the  development  of  the  rotary  converter  sub-station  and  the  third  rail; 
high  tension  alternating  current  on  the  trolley,  first  by  the  portable  sub- 
station which  converts  from  alternating  to  direct-current,  which  is 
supplied  to  direct-current  motors;  second,  by  the  polyphase  system  with 
induction  motors;  third,  by  the  Arnold  electro-pneumatic  system;  fourth 
by  the  single-phase  system. 

The  part  of  the  paper  describing  the  single-phase  system  and  the 
equipments  now  under  construction  for  the  New  York,  New  Haven  and 
Hartford  Railroad  and   for  the   Grand   Trunk  Railway,   is   reproduced. — Ed. 

THE  SINGLE-PHASE  SYSTEM 

The  sing-le-phase  system  contains  the  following  features : 

1.  Alternating-  current  is  used  on  account  of  its  faciHties  for 
transformation. 

2.  One  trolley  wire  only  is  used,  by  adopting  single-phase 
alternating  current. 

3.  With  alternating  current  and  one  trolle\  wire  only,  any 
desirable  voltage  can  be  used  on  the  trolley  line. 

4.  By  using  alternating  current  an  efficient  means  for  vary- 
ing the  voltage  to  the  motors  is  obtained.  With  single-phase  there 
is  only  one  supply  circuit  to  be  handled,  and  the  variable  voltage 
apparatus  can  be  given  the  simplest  ami  most  efficient  form. 

5.  A  type  of  motor  was  developed  which  can  "have  its  speed 
varied  by  varying  the  voltage  supplied  to  it.  and  which  uses  power 
practically  in  proi)orlion  to  the  load,  when  ojieraled  in  ccMuioction 
with  the  above  variable  voltage  supply  circuit. 

6.  The  motor  is  jireferably  wound  for  low  voltage  and  the 
same  transformer  which  is  used  for  stepping  down  from  the  trolley 
voltage  to  the  motor   voltage  can   also  be  used   for  obtaining  the 


188 


THE  ELECTRIC  JOURNAL 


desired  voltaj^e  varialion,  for  varying  the  speed,  and  the  power  in 
pro])orlion  to  the  speed. 

7.  The  motor  is  inherently  of  a  variable  speed  type  and  can 
automatically  adjust  its  speed  to  that  of  other  motors  driving  the 
same  load,  with  but  very  small  unbalancing  of  the  loads  on  the 
individual  motors. 

8.  Tlie  type  of  motor  developed  is  one  which  can  be  used  on 
direct  current  also. 

The  above  covers  the  principal  features  of  what  is  now  known 
as  the  sifigle-phase  railway  system.     It  is  intended  to  cover  prac- 
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tically  all  the  best  features  of  other  systems.  It  is,  in  fact,  a  tool 
especially  designed  to  do  a  particular  piece  of  work  and  is  not 
primarily  an  adaptation  of  existing  apparatus  to  a  new  condition. 
The  single-phase  system  may  be  described  briefly  as  follows : 

Single-phase  alternating  current  is  fed  either  directly  from  the 
power  house  into  the  trolley  line,  or  from'  a  high  voltage  transmis- 
sion circuit  by  step-down  transformers,  into  the  trolley  system.  A 
high  voltage  trolley  current  is  carried  into  the  car  or  locomotive 
and  is  stepped  down  to  a  suitable  voltage  to  be  applied  directly  to 
the   motors   themselves.      At   the   same   time   the   step-down   trans- 
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former  is  provided  with  variable  voltage  connections  whereby  the 
voltage  snpplied  to  the  motor  can  be  varied  up  or  down  over  any 
desired  range.  The  type  of  motor  used  is  one  in  which  the  speed 
varies  directly  as  the  voltage  applied  to  it  is  varied.  Speed  control 
is  thus  obtained  without  wasting  energy  other  than  that  in  the 
motor  itself.  It  therefore  permits  efficient  speed  control  over  any 
range  desired  by  simply  varying  the  voltage  over  the  necessary 
range.  There  is  but  one  transformation  of  energy  between  the  high 
voltage  trolley  wire  and  the  motors  which  is  that  of  the  step-down 
transformer,  and  as  stated  before,  the  alternating  voltage  trans- 
former is  our  most  efficient  device  for  transforming  energy.  At 
the  same  time  this  transformer  serves  the  double  purpose  of  trans- 
formation and  regulation,  as  mentioned  above. 

This  method  of  varying  the  speed  by  varying  the  voltage  sup- 
plied to  the  motor  is  not  limited  to  this  particular  type  of  motor, 
for  the  ordinary  direct-current  railway  motor  can  have  its  speed 
varied  in  the  same  manner.  However,  with  direct  current,  no 
simple  means  has  yet  been  devised  for  varying  the  voltage  effi- 
ciently. 

The  control  of  the  speed  and  power  by  varying  the  voltage 
may  be  roughly  compared  with  the  control  of  a  steam  locomotive 
by  varying  the  steam  pressure.  Throttling  varies  the  pressure  ap- 
plied at  the  cylinders  and  thus  varies  the  speed  and  power.  How- 
ever, the  equivalent  of  the  variable  cut-oft'  is  not  found  in  the 
motor,  but  it  may  be  said  that  voltage  control  in  the  motor  is  the 
equivalent  of  combined  throttling  and  variable  cut-oft"  in  the  steam 
engine. 

There  are  several  variations  in  the  types  of  single-phase  motors 
used  by  the  different  manufacturers,  but  the  principal  features  of 
the  system  are  common  to  all.  Tn  its  characteristics  of  variable 
speed  over  any  desired  range,  antl  consumption  of  power  in  pvo- 
portion  to  the  load,  the  single-phase  equipment  is  on  much  the 
same  footing  as  the  steam  locomotive,  as  just  indicated  above.  Tlic 
equipment  also  possesses  the  ability  to  operate  at  increased  speed 
b\'  increasing  the  voltage  above  the  normal  ami  can  thus  make  up 
for  lost  time,  when  desired. 

It  is  important  that  imder  oorlain  conditions  an  electric 
locomotive  should  be  able  to  act  as  a  brake,  or  to  return 
energy  to  the  line,  as  when  taking  loads  down  grade,  for 
instance.  There  is  but  one  wav  in  which  the  car  equipment  can 
act  as  a  brake;  namelv,  bv  reversing  the  function  of  the  motors  and 
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converting  them  into  generators  of  power,  the  driving  power  being 
furnished  by  the  train  in  movement.  In  acting  as  generators  there 
are  two  ways  in  which  an  electric  equipment  can  expend  its  power : 
First,  by  wasting  it  in  resistance  as  heat,  and  second,  by  feeding  it 
back  into  the  hne  in  case  there  is  any  otlier  load  on  the  line  which 
can  absorb  the  power. 

The  motors  of  the  single-phase  system  can  readily  meet  the 
first  of  these  conditions ;  namely,  that  of  feeding  power  into  a  re- 
sistance. As  the  motors  are  of  the  commutator  type,  and  are,  in 
reality,  first  class  direct-current  machines,  they  will  readily  pick 
up  as  direct-current  generators  and  can  feed  power  into  a  suitably 
proportioned  resistance.  This  method  of  braking  is  perfectly  feas- 
ible, provided  the  controlling  apparatus  and  car  circuits  are  ar- 
ranged for  this  purpose. 

Consider,  next,  the  case  of  feeding  power  back  into  the  line 
and  controlling  it.  It  would  appear  when  looking  at  the  problem 
broadly,  that  a  motor  which  could  have  its  speed  and  power  varied 
so  economically  over  a  wide  range,  should  also  be  capable  of  re- 
versing its  functions  and  becoming  a  generator  of  power  with  an 
economical  control  over  a  wide  speed  range ;  and  it  has  been  de- 
termined in  an  extended  series  of  shop  tests,  that  the  single-phase 
type  of  railway  motor  does  possess  this  property  under  certain  con- 
ditions. A  number  of  w^ays  of  doing  this  in  a  more  or  less  suc- 
cessful manner  have  been  tried.  Some  of  these  methods  are  very 
effective  and  permit  practically  perfect  control  of  the  power  and 
speed  during  braking,  or  when  returning  energy  to  the  line.  Such 
an  arrangement  would  probably  not  be  advisable  for  merely  stop- 
ping trains.  Its  true  field  would  be  in  letting  a  train  down  a  grade 
of  such  length  that  the  power  is  returned  to  the  line  for  a  long 
enough  period  to  represent  a  fair  proportion  of  the  total  time  of 
operation.  Both  this  method  and  that  where  the  power  is  absorbed 
in  a  rheostat,  are  valuable  in  relieving  the  wear  of  the  brake  shoes, 
which  is  a  very  important  item  on  very  long  grades. 

The  resistance  method  of  braking,  although  not  as  efficient  as 
the  other,  has  one  advantage,  in  that  it  is  independent  of  the  supply 
system.  Therefore,  in  case  the  power  goes  off  when  the  train  is 
descending  a  grade  the  resistance  method  of  braking  would  still 
be  effective. 

In  the  past  few  months,  two  contracts  have  been  taken  by  the 
Westinghouse  Electric  &  ]\Ianufacturing  Company  for  single-phase 
railway    equipment    involving   locomotives    of    steam    railway    size. 
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These  are  for  the  equipment  of  part  of  the  New  York,  New  Haven 
&  Hartford  Railway  system  and  for  the  electrification  of  the  St. 
Clair  or  Sarnia  tunnel,  under  the  Detroit  River,  on  the  Grand 
Trunk  Railway.  The  former  equipment  will  operate  under  high 
speed  passenger  service  conditions,  while  the  latter  approximates 
freight  locomotive  conditions.  A  brief  description  of  these  two 
proposed  installations  may  be  of  interest. 

THE   NEW   HAVEN   SINGLE-PHASE  EQUIPMENT 

In  this  case  the  problem  is  somewhat  complicated  by  the  fact 
that  the  locomotives  must  operate  on  direct  current  over  the  New 
York  Central  part  of  the  New  Haven  system,  and  on  alternating 
current  on  its  own  part  of  the  line.  However,  this  complication  is 
not  nearly  as  great  as  would  appear  at  first  thought,  for  the  type 
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of  locomotive  chosen  is  one  which  adapts  itself  well  to  both  classes 
of  service.  However,  there  is  necessarily  some  duplication  of 
parts  on  the  locomotive,  such  as  the  collecting  devices,  certain  de- 
tails of  the  controllers,  wiring,  etc.  On  the  other  hand,  it  is  sur- 
prising how  many  parts  are  common  to  both  classes  of  service. 
As  the  New  Haven  equipment  in  its  alternating  part  embodies 
many  features  whicli  have  been  carried  out  further  than  ever  be- 
fore, it  may  be  of  interest  to  describe  it  as  a  whole. 

GENERATING    PLANT 

Tlie  main  power  house  is  at  Riverside,  about  three  miles  from 
Stamford.  The  generators  in  this  power  house  are  to  be  driven  by 
steam  turbines.  The  machines  have  single-phase  ratings  of  3  751 
kw,  or  about  5  500  k\v  on  three-phase,  the  armature  winding  being 
such  that  three-phase  current  can  be  obtained  from  the  same  ma- 
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chine.  The  generators  have  two  poles  and  at  i  500  r.p.ni.  give 
3  000  alternations  per  minute  or  25  cycles  per  second.  A  5  500  kw, 
three-phase,  two-pole,  i  500  r.p.m.  generator  would  have  been  con- 
sidered an  impossibility  only  a  short  time  ago.  The  design  of  these 
generators  was  one  of  the  difficult  problems  in  this  undertaking. 
The  difficulty,  however,  w^as  in  designing  the  machines  in  the  first 
place,  and  after  a  suitable  construction  was  worked  out,  the  manu- 
facture of  these  machines  appears  to  be  comparatively  easy.  The 
machines  have  an  ample  margin,  both  electrically  and  mechanical- 
ly, and  they  are  particularly  well  adapted  for  handling  inductive 
loads.  As  an  illustration  of  unusual  conditions  met  with  in  the 
design  of  such  machines,  I  will  mention  that  a  single  complete 
armature  coil  weighs  about  600  pounds.  However,  as  the  ma- 
chines have  only  two  poles,  the  total  number  of  armature  coils  is 
relatively  small.  As  a  machine  in  such  service  is  liable  to  have 
rather  heavy  short-circuits  at  times,  the  armature  end  windings  are 
extremely  well  braced. 

As  these  machines  are  to  feed  directly  into  the  trolley  system, 
they  are  wound  for  the  normal  trolley  tension  of  1 1  000  volts,  and 
in  consequence  one  terminal  of  each  machine  is  always  grounded 
when  in  service,  as  in  usual  practice  with  direct-current  railway 
generators.  This  point  has  been  fully  kept  in  mind  in  the  design 
of  these  machines. 

As  the  New  Haven  Railroad  Company  contemplates  operating 
certain  existing  direct-current  systems  from  this  power  house  it 
was  decided  to  add  an  additional  leg  to  the  armature  winding  so 
that  three-phase  currents  could  be  obtained  for  feeding  into  rotary 
converter  stations  for  furnishing  direct  current  for  some  direct- 
current  lines  which,  at  the  present  time,  cannot  be  conveniently 
changed  to  straight  alternating  current.  The  New  Haven  Com- 
pany also  has  other  fields  for  three-phase  power  which  it  proposes 
to  take  care  of  as  soon  as  it  is  feasible  to  do  so. 

The  steam  turbines  for  driving  these  generators  are  of  the 
well  known  Westinghouse-Parsons  type.  On  account  of  the  large 
output  and  high  speed  an  unusually  good  performance  is  indicated. 
The  engines  are  designed  for  the  single-phase  rating  of  the  gene- 
rators, as  it  is  anticipated  that  the  heavy  service  and  the  load 
peaks  will  be  due  to  the  railway  load. 

OVERHEAD  TROLLEY  SYSTEM 

As  1 1  000  volts  will  be  applied  directly  to  an  overhead  trolley 
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and  as  the  trolley  system  will  span  from  four  to  six  tracks,  it  is 
evident  that  a  very  substantial  overhead  construction  must  be  used. 
The  construction  of  this  overhead  system  is  one  of  the  most  in- 
teresting features  in  this  whole  electrical  system. 

The  trolley  system  is  to  be  suspended  from  steel  bridges  which 
span  from  four  to  six  tracks  normally,  and  even  a  greater  num- 
ber at  special  points.  These  bridges  are  placed  at  intervals  of 
about  300  feet  and  at  points  about  two  miles  apart  heavier  struc- 
tures, called  anchor  bridges,  are  placed. 

The  steel  cables  which  support  the  trolley  wire  proper  are  sup- 
ported by  massive  insulators  on  the  bridges.  Two  cables  are  used 
for  each  wire  and  form  a  double  catenary  suspension  carrying  the 
trolley  wire  by  means  of  triangular  supports.  TTie  double  system 
of  suspension  gives  increased  stiffness  to  the  trolley  construction. 
The  triangular  supports  are  placed  about  ten  feet  apart.  Tlie  steel 
cables  have  a  total  sag  of  about  six  feet,  while  the  trolley  wire 
itself  is  maintained  in  a  practically  horizontal  position. 

At  points  corresponding  to  the  anchor  bridges ;  that  is,  about 
two  miles  apart,  each  trolley  wire  is  broken  by  section  insulators 
and  is  connected  to  the  other  trolley  w-ires  and  to  two  feeder  wires 
through  automatic  circuit  breakers.  Otherwise  each  trolley  wire, 
with  its  cables  and  supports,  is  insulated  from  the  adjacent  wires. 
In  this  way  each  wire  is  sectioned  and  a  short-circuit  on  any  one 
section  can  be  cut  out  without  putting  the  neighboring  wires  out 
of  service.  The  two  feeder  wires  just  mentioned  are  carried  the 
whole  length  of  the  alternating  system,  and  by  means  of  these  and 
the  arrangement  of  automatic  switches,  any  entire  section  of  four 
or  more  trolleys  could  be  cut  out  of  service  and  the  sections  be- 
yond can  be  kept  in  service. 

The  trolley  wire  has  a  nominal  height  of  22  feet  above  the 
track.  This  height  will  vary  a  few  inches  up  or  down  with  wide 
variations  in  temperature.  The  pantagraph  type  of  trolley  used  on 
the  locomotives  has  an  effective  range  of  about  eight  and  one-half 
feet  and  therefore  a  vcrv  ct^nsiderablc  varialitni  in  the  height  of 
trollev  is  permissible. 

The  overhead  system  is  designed  to  be  amply  safe  under  ab- 
Tiormal  conditions,  such  as  high  wind  or  heavy  coating  of  ice.  Tlie 
stresses  in  the  supporting  cables  with  a  load  of  ice  one-half  inch 
thick  or  one  inch  total,  each  side,  on  the  cables,  hangers,  etc.,  will 
be  about  one-sixth  of  the  ultimate.     The  stresses  in  the  structure 
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due  to  wind  have  been  figured  on  a  basis  of  sixteen  and  two-thirds 
pounds  per  s([uare  foot,  projected  surface  for  the  cables  and  25 
pounds  ])er  scjuare  foot  normal  surface  for  flat  surfaces.  This  is 
on  a  basis  of  the  cables  being  covered  with  ice  as  given  above. 
Allowance  is  made  for  double  these  pressures  in  summer  when 
there  are  higher  wind  velocities,  but  under  this  condition  the  cables 
will  be  of  much  smaller  diameter  in  the  absence  of  ice. 

As  1 1  000  volts  is  used  on  the  trolley  system,  no  transforming 
stations  are  necessary  on  the  part  which  is  now  to  be  installed. 
The  high  voltage  trolley  system  will  extend  about  19  miles  in  one 
direction  from  the  power  house  and  about  three  miles  in  the  op- 
posite direction  to  Stamford.  This  system  could  be  extended  in 
the  latter  direction  approximately  20  miles  further,  if  desired,  with- 
out transforming  sub-stations.  Therefore  about  40  miles  of  the 
trolley  system  can  be  supplied  directly  from  the  main  power  house. 
With  a  locomotive  load  representing  4000  kw,  about  19  miles 
from  the  power  house  and  a  corresponding  load  15  miles  away,  or 
four  miles  from  the  power  house,  the  drop  at  the  end  of  the  line  will 
be  about  13  per  cent.  This  drop  is  on  the  basis  of  feeding  into  the 
load  from  one  direction  only.  If  there  was  a  transforming  sub-station 
about  40  miles  away  from  the  power  house,  feeding  into  the  same 
trolley  system,  then  the  drop  at  a  point  20  miles  away  would  not 
be  13  per  cent.,  but  would  be  considerably  less  as  power  would  be 
supplied  from  both  directions.  It  is  apparent,  therefore,  that  with 
sub-stations  along  the  line  feeding  into  a  common  trolley  system, 
such  sub-stations  could  be  possibly  60  miles  apart.  For  example, 
if  a  transforming  sub-station  were  placed  in  New  Haven  about 
40  miles  away  from  the  power  house,  the  drop  at  the  midway  point 
between  the  sub-station  and  power  house  would  be  equivalent  to 
a  load  on  the  present  system  at  10  to  15  miles  from  the  power 
house.  However,  the  above  distances  between  sub-stations  are  so 
great  that  it  might  prove  inadvisable  to  feed  more  than  one  or  two 
sub-stations  from  a  given  plant  two  or  more  power  plants  being 
installed  on  a  very  long  system. 

THE  LOCOMOTIVE 

This  is  the  part  of  the  electrical  equipment  w'hich  will  doubt- 
less excite  the  most  interest,  principally  because  it  is  a  newcomer 
in  an  old  field.  From  the  standpoint  of  the  designer  the  generat- 
ing system  and  overhead  construction  may  present  just  as  inter- 
esting features,  but  to  the  layman  in  the  electrical  field  there  is  but 
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little  with  which  to  make  comparison ;  but  when  it  comes  to  the 
locomotive  the  general  problem  is  much  better  understood. 

The  frame,  trucks  and  cab  of  this  locomotive  were  built  by 
the  Baldwin  Locomotive  Company,  on  designs  developed  after 
many  conferences  between  the  New  Haven  Railway  Company,  the 
Baldwin  Locomotive  Company  and  the  Westinghouse  Electric  & 
Manufacturing  Company.  The  design  adopted  was  partially  de- 
termined by  the  fact  that  the  motor  equipment  must  be  suitable  for 
use  on  both  alternating  and  direct  current.  This  to  a  certain  ex- 
tent controlled  the  number  and  size  of  the  motors  and  thus  affected 
the  construction  of  the  trucks  and  other  parts.  The  results  have 
turned  out  so  well,  however,  that  there  is  every  reason  to  believe 
that  this  type  of  locomotive  will  be  used  in  future  even  where 
alternating  current  alone  is  ased. 

The  mechanical  construction  of  the  locomotive  presents  many 
novel  and  interesting  features  which  deserve  special  consideration. 
The  running  gear  consists  of  two  trucks,  each  mounted  on  four 
62-inch  driving  wheels.  The  length  of  wheel  base  is  eight  feet. 
The  side  frames  are  of  forged  steel  and  to  them  are  bolted  and 
riveted  the  pressed  steel  bolster  carrying  the  center  plate.  The 
vv eight  on  the  journal  boxes  is  carried  by  semi-elliptic  springs  with 
auxiliary  coiled  springs  under  the  ends  of  the  equalizer  bars,  to 
assist  in  restoring  equilibrium.  The  bolsters  are  30  inches  wide 
at  the  center  plate  and  are  widened,  where  bolted  to  the  side 
frames,  to  nearly  double  this  amount,  thus  giving  a  very  strong 
construction  without  excessive  weight.  The  center  plate  which 
transmits  the  tractive  effort  to  the  frame  is  18  inches  in  diameter 
and  will  be  lubricated  to  permit  a  perfectly  free  motion  in  curv- 
ing.    The  truck  centers  are  fourteen  and  one-half  feet  apart. 

Owing  to  the  fact  that  the  entire  space  between  the  wheels  is 
occupied  by  the  motors  it  was  impossible  to  transmit  the  drawbar 
pull  through  the  center  line  of  the  locomotive  in  the  usual  way. 
Instead  of  this,  strong  plate  girders  heavily  cross  braceil  are  car- 
ried outside  of  the  wheels  and  the  entire  strain  of  the  drawbar  is 
carried  to  these  through  strong  box  girders  having  top  and  bottom 
plates  42  inches  wide.  Directly  underneath  the  girder  at  each  end  is 
a  Westinghouse  friction  draft  gear  to  which  the  drawbar  is  at- 
tached. The  engine  design  lends  itself  to  a  very  strong  construc- 
tion without  great  weight.  The  cab  is  built  up  of  sheet  steel  on  a 
framework  of  "Z"  bars.  The  apparatus  inside  the  cab  is  carried  on 
a    framework   of   structural   steel    which   is   built   into   the   cab   and 
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firmly  aiicliorcd  to  fioor  and  ceiling.  Over  each  motor  is  a  large 
I  raj)  door  which  jjcrmits  easy  access  to  motor  bearings,  brushes, 
etc. 

rin'  mofDrs  are  four  in  nninl)er,  each  of  250  hp  nominal  ca- 
pacity bnl  willi  a  cnnlinnous  caj)acity  of  over  200  h\)  each  or  over 
800  hp  total.  The  motors  arc  of  the  gearless  type  and  are  wound 
for  a  normal  full  load  speed  of  about  225  r.p.m.  Tliey  arc  con- 
nected permanently  in  pairs  and  require  about  450  volts  at  the 
terminals  on  alternating  current  and  550  to  600  volts  on  direct 
current. 

The   frame   and  field   of  each  motor  is  split  horizontally   and 
can  be  removed  in  halves  in  order  to  give  access  to  the  inside  of 

the  field  or  to  the  armature. 
The  armature  is  not  placed  di- 
rectly on  a  shaft  but  is  built 
up  on  a  cjuill  through  which 
the  car  axle  passes  with  about 
five-eights  of  an  inch  clear- 
ance all  around.  On  this  quill, 
at  each  end,  are  placed  bear- 
ings which  carry  the  field 
frame. 

At  each  end  of  the  quill  is 
a  flange  from  which  projects 
seven  round  pins,  parallel  to 
the  shaft,  into  corresponding 
pockets  in  the  hub  of  the 
wheel.  Around  each  pin  is 
placed  a  coiled  spring  wound 
with  the  turns  progressively  eccentric.  These  springs  are  contain- 
ed between  two  steel  bushings,  the  smaller  of  which  slips  over  the 
pin,  and  the  larger  fits  in  the  pocket  in  the  wheel.  These  springs 
are  amply  strong  to  carry  the  entire  weight  of  the  motor  but  are 
normally  required  to  transmit  only  the  torque  of  the  motor  and 
to  keep  the  motor  axis  parallel  to  the  axle.  They  allow  a  total 
vertical  movement  of  about  three-quarters  of  an  inch.  The  end 
play'  of  the  motor,  instead  of  coming  directly  on  the  wheels,  is 
taken  by  strong  coiled  springs  inside  of  the  driving  pins  which 
press  against  covers  in  the  outer  ends  of  the  spring  pockets  in  the 
wheels.  The  torque  on  the  motor  frame  is  taken  by  heavy  paral- 
lel rods  which  anchor  the  frame  to  the  truck  above  and  below  the 
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axle.  These  rods  permit  vertical  or  side  motion  of  the  motor  but 
prevent  excessive  bumping  strains  from  coming  on  the  motor  driv- 
ing springs.  The  entire  weight  of  the  motor  is  normally  carried 
on  springs  supported  from  a  steel  frame  surrounding  the  motor 
and  resting  on  the  journal  boxes. 

The  motors  are  internally  of  the  same  general  type  which  the 
Westinghouse  company  has  been  building  for  some  time  for  inter- 
urban  service.  However,  due  to  the  relatively  low  speed  of  the 
motors,  the  maximum  commutator  speed  is  very  low,  being  less 
than  3  ooo  feet  per  minute  when  the  locomotive  is  making  60  miles 
per  hour.  This  may  be  compared  with  5  000  to  7  000  feet  commu- 
tator speeds  which  are  frequently  attained  in  both  direct-current 
and  alternating-current  high  speed  service  with  fairly  large  motors. 

One  interesting  feature  in  these  motors  is  the  method  of  cool- 
ing. As  a  blower  is  used  in  the  locomotive  for  cooling  the  lower- 
ing transformers,  it  was  decided  to  extend  this  method  of  cooling 
to  the  motors  also.  In  the  floor  of  the  cab  is  an  air  conduit  of 
considerable  size  from  which  air  is  piped  to  each  motor.  This 
method  of  cooling  improves  the  continuous  capacity  of  the  motors, 
as  evidenced  by  the  above  figures,  which  show  that  the  continuous 
rating  is  almost  equal  to  the  one  hour  rating.  A  further  very  great 
advantage  in  this  method  of  cooling  lies  in  the  fact  that  the  motors 
can  be  kept  very  clean  in  this  manner,  as  the  inside  of  the  motor 
is  kept  under  partial  pressure  at  all  times,  tending  to  keep  out  dust 
and  dirt,  as  all  air  flow  is  outward.  T'he  air  furnished  to  the  motor, 
being  taken  from  the  inside  of  the  cab,  can  be  kept  relatively  clean 
and  dry. 

On  the  direct-current  part  of  the  line,  current  is  taken  from 
the  third  rail  system,  except  in  the  case  of  some  short  sections  at 
cross-overs  fed  from  an  overhead  trolley  on  direct  current.  The 
motors  are  controlled  in  the  usual  series- parallel  metluul  in  com- 
bination with  resistance,  as  in  ordinary  direct-current  practice. 

On  alternating  current  the  motors  are  not  operated  in  series- 
parallel  as  on  direct-current,  but  are  connected  permanently  in  a 
given  manner  and  the  supply  voltage  is  varied.  This  gives  an 
equivalent  of  the  series-parallel,  except  that  the  number  of  efficient 
operating  steps  is  much  greater.  On  alternating-current  operation 
no  resistance  is  used  in  regular  running,  but  a  slight  annnuit  is 
used  in  passing  from  one  working  step  to  the  next,  this  being  in 
the  nature  of  a  preventive  device  to  diminish  the  short-circuiting 
effect  when  passing  from  one  transformer  tap  to  aui^ther.     There 
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arc  six  operative  voltages,  or  running-  pcjints,  on  the  alternating- 
current,  corresponding  to  six  taps  on  the  lowering  transformer, 
while  there  are  a  small  numl)er  of  intermediate  steps,  which  are 
used  onl_\-  in  [)assing  from  one  working  point  to  another.  Experi- 
ence has  shown  that  the  number  of  steps  on  alternating-current  re- 
quired to  give  a  smooth  acceleration  is  considerably  smaller  than 
required  on  direct-current.  In  consequence  the  controller  is  so 
arranged  that  on  alternating-current  about  half  as  many  steps  are 
used  as  on  direct-current.  The  tests  have  shown  that  the  accelera- 
tion on  both  alternating-current  and  direct-current  is  very  smooth. 

There  is  one  feature  in  the  direct-current  control  which  is  not 
generally  found  at  the  present  time  on  direct-current  equipments, 
namely,  shunting  the  field  for  higher  speeds.  On  the  series  posi- 
tion on  direct  current  the  motors  have  an  efficient  running  point. 
It  is  usual  railway  practice  to  pass  from  the  series  to  multiple 
position  by  introduction  of  resistance,  there  being  no  intermediate 
efficient  running  speed.  On  the  New  Haven  equipments,  however, 
the  type  of  motor  used  is  one  which  permits  an  almost  indefinite 
shunting  of  the  field  without  affecting  the  commutation  or  opera- 
tion otherwise,  and  advantage  is  taken  of  this  to  obtain  several 
higher  speeds  by  shunting  the  fields  before  passing  into  multiple. 
In  this  way  several  ef^cient  running  points  are  obtained  between 
the  series  and  multiple.  The  tests  have  shown  that  these  motors 
will  operate  in  a  perfectly  satisfactory  manner  on  direct  current 
with  their  fields  shunted  down  to  much  less  than  half  their  normal 
strength. 

When  operated  on  direct  current,  as  stated  before,  the  current 
is  fed  directly  to  the  motors.  On  alternating  current,  however, 
step-down  transformers  must  be  used,  as  the  alternating-current 
trolley  voltage  is  1 1  ooo.  The  step-down  transformers  are  two  in 
number,  one  on  each  side  of  the  cab,  in  order  to  balance  the  weight 
in  the  cab.  It  must  be  borne  in  mind  that  these  transformers  are 
the  heaviest  single  pieces  in  the  cab  and  there  would  be  consider- 
able difficulty  in  placing  a  single  transformer  to  advantage.  A 
further  reason  for  two  transformers  is  that  an  injury  to  one  w'ould 
not  entirely  disable  the  locomotive.  The  transformers  are  con- 
nected in  parallel  across  the  high  voltage  side,  but  on  the  low  volt- 
age side  each  transformer  feeds  one  pair  of  motors,  through  a 
separate  control  unit.  This  means  that  the  controller  when  oper- 
ated on  alternating  current  consists  of  two  normally  independent 
units. 
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The  main  controllers  are  of  the  well  known  Westinghouse 
electro-pneumatic  unit  switch  type.  The  design,  however,  differs 
somewhat  from  the  straight  direct-current  type,  due  to  the  fact 
that  switches,  blow-outs,  etc.,  must  operate  on  both  alternating  and 
direct  current  as  many  parts  of  the  controller  are  common  to  both. 
It  may  be  mentioned  also  that  the  reversing  switches  ^re  of  the 
unit  switch  type. 

The  main  controllers  are  operated  from  master  controllers  at 
each  end  of  the  cab.  The  controller  system  is  arranged  for  multi- 
ple unit  operation  so  that  two  or  more  locomotives  may  be  coupled 
to  the  same  load. 

In  addition  to  the  controlling  and  transforming  apparatus 
there  are  a  number  of  auxiliary  parts,  such  as  two  air  compressors 
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driven  by  motors  which  can  be  operated  on  either  alternating  or 
direct  current ;  two  blowers  driven  by  similar  motors,  for  furnish- 
ing air  to  the  transformer  and  motors,  and  to  the  direct-current 
rheostat.  It  may  be  mentioned  that  the  air  which  passes  through 
the  transformers  is  also  sent  through  the  rheostats.  When  operat- 
ing on  alternating  current  the  transformer  is  heating  the  air  which 
passes  through,  and  this  air  would  not  be  very  eft'ectivc  in  cooling 
the  rheostat.  However,  when  running  on  direct-current  the  trans- 
former is  idle,  and  the  air  passing  through  becomes  effective  in 
the  rheostat. 

In  addition  to  the  above  auxiliary  apparatus  there  are  oil  cir- 
cuit breakers  for  the  hieh  tension  alternating-current  switches  for 
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tlirowin<:^  from  alternating^  current  to  direct  current,  and  many  de- 
tails which  would  he  found  in  any  electric  locomotive.  There  is 
also  a  steam  generator  in  the  cab  for  the  purpose  of  generating 
sufficient  steam  for  heating  the  coaches  in  cold  weather. 

T'he  locomotive  is  equipped  with  devices  for  collecting  both 
alternating  and  direct  current.  For  the  latter  there  are  eight 
collecting  shoes,  four  on  each  side  of  the  locomotive,  arranged  in 
pairs  of  two  each.  There  are,  of  course,  two  pairs  on  each  side, 
one  at  each  end,  for  the  purpose  of  bridging  such  gaps  as  are  nec- 
essary in  the  third  rail  system.  There  must  be  shoes  on  each  side, 
as  the  locomotive  must  be  able  to  make  contact  with  the  third  rail 
when  turned  end  about.  These  direct-current  contact  shoes  must 
also  be  able  to  work  on  two  forms  of  third  rail,  one  in  which  the 
shoe  runs  under  the  rail  and  the  other  where  the  shoe  runs  on  top 
of  the  rail.  The  locomotive  is  provided  with  a  pantagraph  low 
tension  overhead  direct-current  trolley  to  conform  with  certain 
New  York  Central  requirements. 

For  collecting  alternating  current  the  locomotive  is  provided 
with  two  pantagraph  type  high  tension  bow  trolleys.  Each  trolley 
has  sufficient  capacity  to  carry  the  total  line  current  under  average 
conditions,  but  two  are  provided  to  insure  reserve  capacity. 

Each  of  these  locomotives  is  to  be  able  to  handle  a  200-ton 
train  in  local  service  on  a  schedule  of  26  miles  per  hour,  with 
stops  averaging  about  two  miles  apart.  In  order  to  make  this  aver- 
age speed  the  maximum  speed  will  be  about  45  miles  per  hour. 

One  locomotive  will  also  be  able  to  handle  a  250-ton  train  on 
through  service.  For  heavier  trains  than  this  it  is  intended  to 
couple  two  locomotives  together  and  operate  them  in  multiple. 
This  presents  no  difficulties,  for,  as  stated  before,  the  locomotives 
are  fitted  up  for  the  multiple  unit  system  of  control. 

It  is  evident  from  the  above  description  that  the  engineers  of 
the  New  Haven  Railway  Company  have  had  in  view  the  adoption 
of  an  electric  system  which  is  particularly  well  adapted  for  future 
extensions.  If  the  electrification  were  to  stop  at  Stamford,  then 
the  full  advantage  of  the  alternating  system  would  not  be  obtain- 
ed. However,  the  section  which  will  be  electrified  with  alternating 
current  is  of  sufficient  length  to  enable  the  New  Haven  Railway 
engineers  to  determine  the  advantages  and  possibilities  for  future 
extensions,  and  it  is  safe  to  predict  that  such  extensions  will  be 
made  in  a  comparatively  short  time. 
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SARNIA   TUNNEL 

W' hile  this  equipment  is  to  be  on  a  smaller  scale  than  the  New 
Haven,  yet  it  is  for  an  entirely  different  class  of  service  and  covers 
conditions  not  contemplated  in  the  latter. 

The  part  of  the  Grand  Trunk  Railway  to  be  electrified  con- 
sists of  the  Sarnia  tunnel  and  its  approaches.  There  is  to  be  com- 
prised about  4  ooo  feet  of  approximately  level  track  at  each  end  of 
the  approaches,  there  is  then  a  grade  of  two  per  cent,  for  5  000  feet 
at  each  side  and  a  stretch  of  i  700  feet  at  the  middle,  which  has 
just  sufficient  grade  to  drain  itself.  Ilie  total  length  of  the  electri- 
fied part  will  therefore  be  about  20000  feet.  The  tunnel  itself  is 
slightly  over  6000  feet  long.  There  is  but  a  single  track  through 
the  ttmnel,  although  there  are  two  tracks  in  the  approaches. 

There  are  two  conditions  which  have  determined  the  electrifi- 
cation of  this  tunnel ;  namely,  the  difficulty  from  smoke  and  fumes 
from  the  steam  locomotives,  and  also  the  present  limit  capacity 
which  has  been  attained  with  the  steam  service  now  in  use.  At  the 
present  time  a  steam  locomotive  can  handle  a  train  of  about  750 
tons  through  this  tunnel  and  there  are  about  40  trains  per  day 
each  way.  This  represents  the  limits  of  the  tuimel  service  with  the 
equipment  now  being  used. 

In  changing  to  electric  operation  it  was  determined  that  trains 
of  I  000  tons  capacity  could  be  handled  instead  of  750.  It  would 
have  been  possible  to  handle  even  heavier  trains  than  this,  as  far  as 
the  electric  motors  are  concerned,  but  it  is  considered  impracticable 
on  account  of  limiting  conditions  in  the  draw-bars  of  the  individual 
cars.  In  the  electric  service  contemplated,  a  train  is  to  be  made  up 
in  the  yards  at  either  end  of  the  tunnel  and  the  electric  locomotives 
are  then  to  take  such  trains  through  the  tunnel  and  out  on  the  level 
at  the  opposite  end.  P)C\-ond  this  the  steam  e!|uiiMuonts  will  handle 
the  service. 

The  electric  locomotives  will  take  the  train  down  the  twi^  \)cv 
cent,  grade  and  into  the  tunnel  at  a  speed  not  exceeding  25  miles 
per  hour.  A  fairly  high  speed  will  be  maintained  until  the  train 
strikes  [hv  iiji-grade  at  the  o])posite  c:u\.  The  si)eed  the  train  has 
attained  will  assist,  to  a  certain  extent,  on  the  up-grade,  but  in  the 
major  ])art  of  this  grade  the  locomotive  itself  will  be  required  to 
])uri  up  the  train.  lender  this  condition  the  locomotive  will  develop 
about  I  500  hp  at  a  speed  of  apjiroximately  ten  miles  per  hour  and 
it  is  designed  to  have  power  for  maintaining  this  speed  up  the  entire 
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length  of  grade.  This  is  a  condition  mA  attained  with  the  jjrcsent 
steam    service. 

Passenger  trains  can  be  taken  throngh  tlic  tnnnel  at  a  consid- 
erably higher  specfl  than  the  freight  trains.  On  account  of  the 
characteristics  of  the  motors  used  in  this  equipment  it  is  practicable 
to  make  from  i8  to  20  miles  per  hour  on  the  up-grade  instead  of 
ten  miles  with  the  freight  service. 

The  electric  locomotive  consists  primarily  of  tw'O  so-called 
"units"  coupled  together.  Each  of  these  units  has  a  nominal  rating 
of  750  hp  and  each  is  complete  in  itself  and  can  be  operated  inde- 
pendently of  the  other.  Any  two  of  them  can  be  coupled  together 
to  form  a  complete  locomotive  and  are  then  operated  by  one  driver, 
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the  same  as  a  single  unit.  More  than  two  units  can  be  coupled 
together  and  be  operated  as  a  single  unit  in  the  same  way.  One 
locomotive  consisting  of  two  units  is  required  normally  for  the 
freight  service  specified  above.  For  passenger  service  either  one 
or  two  units  may  be  used,  as  conditions  may  require.  There  will 
be  five  units  at  first  in  the  Sarnia  equipment. 

Each  of  the  locomotive  units  is  to  be  of  a  rigid  frame  type,  with 
three  axles,  wdth  a  250  hp  motor  geared  to  each  axle.  The  weight 
of  each  unit  will  be  between  60  and  65  tons,  and  one  locomotive 
complete  will  develop  a  normal  draw-bar  pull  of  about  50000  lbs. 
With  sanded  track  it  can  develope  about  25  per  cent,  greater  draw- 
bar pull  without  slipping  the  wdieels.  Except  that  the  motors  are 
of  the  single  reduction  type,  instead  of  gearless,  they  are  very  simi- 
lar in  general  features  of  construction  to  the  New  Haven  motors. 
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They  are,  however,  somewhat  Hghter  and  smaller,  as  the  armature 
speeds  are  slightly  higher.  These  locomotives  have  somewhat  sim- 
pler control  equipment  than  the  New  Haven,  due  to  the  fact  that 
they  are  to  operate  on  alternating  current  only. 

T'he  overhead  construction  outside  the  tunnel  is  to  be  very 
similar  to  that  of  the  New  Haven  system.  In  the  tunnel,  however, 
a  trolley  suspended  at  frequent  intervals  will  be  used,  as  it  is  not 
feasible  to  use  the  long  spans  in  the  space  available.  A  voltage  of 
3  300  is  used  on  account  of  the  limited  height  of  the  tunnel.  If  it 
were  not  for  this  it  is  probable  that  6  600  volts  would  be  favored. 
However,  as  the  entire  length  of  this  system  is  only  about  four  miles 
and  the  trolley  wall  be  fed  near  the  middle  point,  3  300  volts  is  en- 
tirely permissible,  especially  as  the  heaviest  service  wall  be  on  the 
grades  about  midway  between  the  center  and  the  ends  of  the  line. 
At  the  two  ends  of  the  line  the  service  will  be  relatively  light. 

On  account  of  the  very  intermittent  load  at  the  locomotive  the 
variations  of  load  on  the  power  house  will  be  extreme.  There  are 
to  be  two  generators  driven  by  steam  turbines,  either  one  of  which 
normally  will  be  able  to  handle  the  load.  The  other  can  be  a  re- 
serve, or  in  case  of  extreme  conditions  it  can  be  operated  in  par- 
allel with  the  first.  The  generators  are  designed  for  normal  single- 
phase  operation  but  the  armature  windings  are  equipped  with  a 
third  branch  for  three-phase  operation,  as  on  the  New  Haven 
equipment.  There  are  certain  pump  motors  and  other  apparatus 
which  is  designed  to  operate  with  three-phase  induction  motors  and 
for  this  reason  the  additional  winding  was  added  to  the  generator. 

F.verything  considered,  this  Sarnia  Tunnel  equipment  is  an  ex- 
tremely interesting  one  and  the  results  obtained  should  have  as  im- 
portant a  bearing  on  future  development  as  those  ivom  the  New 
Haven  electrification. 

LOCOMO'llNK   TK.^rS 

About  a  year  ago  in  the  tliscussion  ol'  Mr.  Potter's  paper  be  lure 
the  New  ^V)rk  Railroad  C\uh.  I  stated  that  the  Wcstinghouse  com- 
pany was  building  a  slow  speed,  single-])hase  locomotive  of  approxi- 
mately I  500  hp.  This  was  designed  for  a  normal  s]ieed  of  about 
ten  to  twelve  miles  per  lioiu'  and  a  draw-bar  pull  ol'  apiiroximatelv 
50000  lbs.  Shortly  after  this  meeting  this  locomotive  was  put  in 
active  operation  and  very  severe  tests  were  made.  It  was  attached 
to  a  heavy  train  of  freight  cars  thrtnigh  a  dynamometer  car.  and 
pulls  up  to  ^j  000  lbs.  were  indicated  by  the  dynamometer.     This 
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locomotive  was  built  for  service  corrcspondinii^  to  that  in  the  Sarnia 
tunnel. 

The  Westinghouse  company  has  also  had  the  first  New  Haven 
locomotive  on  test  in  the  Interworks  Railway  at  East  Pittsburg  for 
a  short  time,  l^p  to  the  present  time,  March  i6th,  this  locomotive 
has  made  a  total  of  aljout  2  000  miles  on  a  track  of  approximately 
one  mile  in  length,  as  this  is  all  that  is  available  at  present.  Tliis 
means  that  this  locomotive  has  started  over  2000  times,  as  a  single 
fun  does  not  exceed  one  mile  in  length.  Under  this  condition  of 
operation  this  locomotive  has  handled  trains  of  considerably  over 
200  tons  for  hours  at  a  time.  This  is  much  harder  service  than  the 
locomotive  was  designed  for,  as  the  starts  are  much  more  frequent. 
The  results  obtained  so  far  have  been  very  satisfactory  and  they 
agree  very  closely  with  the  preliminary  calculations.  The  locomo- 
tive rides  very  smoothly  and  the  suspension  used  appears  to  have 
been  perfectly  successful  in  preventing  pounding  and  shocks.  The 
locomotive  has  taken  rather  sharp  curves  at  a  speed  of  almost  60 
miles  an  hour.  The  locomotive  has  handled  loads  above  the  con- 
tract requirements  for  several  hours  at  a  time  with  temperatures 
v/ell  within  the  guarantees. 

The  above  results  were  obtained  when  operating  single-phase. 
On  direct  current  the  results  .are  also  very  satisfactory,  although 
very  extended  tests  have  not  been  made.  All  the  results  obtained, 
however,  with  both  alternating  current  and  direct  current,  indicate 
that  this  New  Haven  locomotive  will  prove  a  very  satisfactory  type, 
both  electrically  and  mechanicallv. 


SOME  FEATURES  OF  THE  WARREN  GAS  POWER 

PLANT 

WARREN  &  JAMESTOWN  STREET  RAILWAY 
J.  R.  BIBBINS 

THAT  the  new  power  plant  at  Warren,.  Pa.,  has  revolution- 
ized ideas  regarding  the  successful  operation  of  gas  engines 
is  probably  not  an  over  statement  to  those  who  have  been 
fortunate  enough  to  see  the  plant  in  regular  daily  operation.  T'o 
those  experienced  in  the  operation  of  steam  plants  only,  and  who 
have  been  possessed  of  the  idea  that  steam  engines  alone  were  ca- 
pable of  meeting  so  severe  a  service  as  this,  it  would  prove  very 
profitable  indeed  to  spend  a  day  at  the  Warren  plant.  The  follow- 
ing conditions  occur  in  normal  operation : 

1.  The  load  (consisting  of  three  to  five  heavy  interurban  cars 
and  a  few  small  city  cars)  is  most  violent  in  character  owing  to 
heavy  grades,  sharp  curves,  and  the  small  number  of  cars. 

2.  All  generated  power  is  on  the  alternating-current  system, 
the  generators  being  direct-connected  without  spring  couplings. 

3.  The  two  500  hp  units  operate  in  electrical  parallel  during 
the  entire  day's  run  on  the  above  mentioned  load. 

4.  No  reserve  steam  power  is  available. 

A  study  of  these  operating  conditions  brings  forcefully  to  mind 
the  opinions  quite  frequently  expressed  by  the  engineering  world, 
and  in  the  majorit\-  of  cases,  deciding  against  the  use  of  gas  power 
for  continuous  responsible  service.  In  refutation,  the  Warren  plant 
stands  as  an  example  of  the  successful  use  of  gas  power  under 
operating  conditions  which  would  tax  a  steam  plant  to  the  utmost. 
Here  is  a  plant  which  after  erection  in  the  field  was  immediately 
put  into  service,  and  with  the  exception  of  a  few  minor  difficulties 
(always  occurring  in  the  starting  of  a  large  plant)  has  maintainoil 
an  uninterru]:)ted  service  since,  although  the  engines  had  never 
been  run  or  tested  at  the  builder's  works. 

The  decision  to  use  gas  jjower  resulted  from  ex])eriments  start- 
ed several  years  ago  by  the  Warren  Ct>mpany  using  the  natural 
fuel  gas  of  which  abundant  sui)plies  exist  in  this  neighborhood. 
The  results  were  sn  iiuieh  ])v[{vy  than  would  liave  been  pc^ssible 
with  gas  fired  l)oilcrs  and  steam  machinery  as  to  jiractically  dictate 
the  adoption  of  large  gas  engines  for  running  the  new  singlc-i>hasc 
system.  How  successful  the  new  jilant  has  been,  from  a  connner- 
cial  standpoint  alone,  is  evidenced   from  the  data  obtained  through 
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two  moiillis'  run.  Durint;-  Dc'ccml)cr,  only  the  intcrurban  system 
was  being  operated  ivoxw  the  new  power  plant.  During  January 
both  interurban  and  city  systems  received  their  power  from  this 
source.  (See  Table  I.)  Previous  to  the  coml)ining  of  the  two  sys- 
tems the  old  plant  was  used  to  run  the  city  cars.  After  the  city 
load  had  been  put  on  to  the  new  plant  a  saving  of  approximately 
20  per  cent,  in  fuel  was  realized  over  the  old  arrangement.  Assum- 
ing the  interurban  cars  to  make  an  average  mileage  of  15  miles 
per  hour,  including  lay-overs,  the  average  cost  of  fuel  per  car  mile 
in  December  was  uufler  one  cent,  and  at  the  present  time  is  even 
less  than  this.  That  the  cost  of  fuel,  even  at  this  low  rate,  will 
constitute  the  major  part  of  the  operating  expenses  is  evident  from 
the  fact  that  the  entire  plant  is  operated  by  two  men  to  a  shift,  with 
a  third  man  during  the  day  as  general  helper. 

TABLE  I. 

COST    OF    OPERATION. 

1000  hp.  gas  engine  plant,  Warren  &  Jamestown  railway. 
Interurban  system  only. 
December,   1905. 

Number  of  cars   (35  ton) 3 

Gas  consumed    i  701  000  cu.  ft. 

Gas  per   day  averaged    54  900 

Hours   operated   per   day 17.5 — 18 

Gas  per  hour   (operation) 3  090 

Cost  of  fuel  per  day     $8.24 

Cost  of  fuel  per  hour    run    0.464 

Cost  of  fuel  per  car    hour     0.155 

Interurban  and  City  systems. 
January  5-12,  1906. 

Number  of  cars — city  (10  ton)    7 

Number  of  cars — interurban     (35    ton) 3 

Gas  •  consumed    625  000  cu.  ft. 

Gas  per  day   89  2S5 

Hours   operated  per  day 18 

Gas  per  hour(  operating) 4  960      " 

Gas  per  hour  (operating) 4  960      " 

Cost  of  fuel  per  day   $i3-40 

Cost  per  hour  run . .  .744 

Cost   per    car    hour .0744 

Interurban    and    city   systems. 
]\Ionth  of  January,  1906. 

Number  of  Cars — city   (10  ton) 7 

Number  of  cars — interurban   (35   ton) 3-4  Av.  3-^2 

Gas    consumed    2  745  000  cu.  ft. 

Gas    per    day 88  550      " 

Hours  operated  per  day 18+ 

Gas  per  hour  (operating) 4  900      " 

Cost  of  fuel  per  day $13.27 

Cost  per  hour  run   .735 

Cost  per  car  hour   .07 
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THE   GAS    ENGINE   EQUIPMENT 

There  arc  two  generating  units  installed  at  the  present  time 
with  space  for  a  third  as  soon  as  required  by  the  demand  for  power. 
The  engines  are  normally  500  hp  in  capacity,  but  on  the  standard 
rating  adopted  by  the  builders  of  ten  per  cent,  overload,  the  actual 
rating  is  470  hp  with  a  maximum  of  520.  This  conservative  rating 
corresponds  to  a  maximum  overload  capacity  of  35  per  cent,  on  the 
generator.  For  more  uniform  loads  in  which  violent  fluctuations 
would  not  occur,  a  higher  electrical  rating  would  be  possible.     The 


FIG.     I GENEk.'\L    VIEW    t)K    WAKKEN    AND    j  A  .NUiSTOWN    CIAS    ENGINE 

engine  has  two  tandem  cylinders  21  inches  in  diameter  by  30 
inches  stroke,  supported  entirely  clear  from  the  foundation  piers 
by  front,  middle  and  rear  housings,  as  shown  in  Figs,  i  and  2. 

Operating  on  the  familiar  lleau  de  Rochas  or  four-stroke  cycle, 
with  practically  a  constant  (juality  of  mixture,  this  tandem  arrange- 
ment gives  one  power  impulse  on  each  forward  and  backward 
stroke,  resulting  in  a  crank  effdrt  equivalonl  to  that  (W'  a  single 
cylinder  double-acting  steam  engine;  in  fact,  the  general  design  of 
the  engine  is  characterized  by  its  strong  adhcrance  io  ■d\^\^\■o^\\\ 
steam  engine  j)ractice  and   it  stands  not  as  an  example  of  ratlical 
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change  in  structure,  but  as  an  adaplaliDU  of  sleam  experience  to 
gas  work.  This  resemblance  is  further  l)orne  out  in  the  indicator 
cards  shown  in  I'lgs.  3  and  4.  d'he  stop  card,  Fig.  4,  is  intended 
to  magnify  the  lower  part  (jf  the  indicator  card  to  show  more  in 
detail  the  induction  and  exhaust  lines  of  the  four-stroke  cycle.  It 
was,  of  course,  taken  with  a  stop  on  the  indicator  to  check  the  up- 
ward movement  when  a  lighter  spring  was  used. 

Every  part  of  the  engine  is  above  the  floor  level,  inchnling  ex- 
haust valves,  which  gives  the  engine  an  ai)pcarance  of  exaggerated 
size  in  reference  to  the  generator.  The  three  housings  rest  on  sole 
plates  capping  their  respective  piers,  and  only  the  front  end  of  the 


FIG.    2 — SIDE   VIEW    OF    FORWARD   END    OF    WARREN    AND    JA^^IESTGWN 
GAS   ENGINE 

engine  is  anchored.  The  remaining  parts  slide  back  and  forth  on 
these  sole  plates  as  the  engine  expands  and  contracts  on  starting 
up  and  shutting  down. 

The  pistons  which  are  mounted  on  hollow  rods  of  forged 
nickel  steel  are  floated  entirely  free  from  the  cylinder  body  by 
means  of  front,  center  and  rear  crossheads,  and  the  pistons,  rods, 
cylinders,  valve  chambers,  cylinder  heads,  packing  glands,  and  ex- 
haust valves  are  all  water  cooled  to  prevent  overheating  of  the 
metal. 

All  valves  are  of  the  poppet  or  mushroom  type,  arranged  with 
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inlet  above  and  exhaust  below  in  a  vertical  line ;  thus  by  removing 
these  valves  the  cylinder  is  easily  accessible  for  inspection  or  clean- 
ing without  dismantling  the  cylinder  head.  In  the  inlet  valve  a 
compound  motion  is  employed  by  which  gas  and  air  are  not  only 

proportioned  properly,  but 
the  quantity  of  mixture  is 
also  adjusted  to  the  par- 
ticular load,  somewhat  in 
the  manner  of  a  steam 
admission  valve  on  a 
throttling  steam  engine. 
Each  valve  is  directly  un- 
der governor  control,  and 
thus     receives    only    such 

FIG.    3 — INDICATOR    CARD    FROM    ONE    OF    THE    GAS    amOUllt       of       mixtUrC       aS 
ENGINES    AT   THE    PLANT   OF   THE    WARREN    AND  i      i         ^     ^i  •       ^        ^     ^ 

JAMESTOWN  RAILWAY  uecdcd   at   thc   mstant   to 

maintain  proper  speed. 
The  governing  system  has  proven  very  effective.  By  the  use  of 
the  relay  principle  the  actual  work  of  moving  valves  is  assumed  by 
a  small  piston  working  under  oil  pressure ;  this  in  turn  is  controlled 
by  a  little  pilot  valve  which  alone  is  actuated  by  thc  governor.  Thi>^ 
principle  has  already  been  aiijtlied  successfully  tn  the  W'esting- 
h  o  u  s  e-Parsons 
steam  turMn-e, 
and  makes  possi- 
ble a  speed  regu- 
lation even  lower 
than  is  desirable 
for  practical 
parallel  operation. 

In  the  exhaust 
valve  mechanism, 
though  a  peculiar 

b,  .  -  Induction 

mation   of 

levers    sr  r  e  a  t '^"''  "^ — indicator  card   taken    with  stop  and  lighter 

.'     °  SPRING   than    fig.    3 

power  IS   exerted 

upon  thc  exhaust  valve  at  the  point  of  opening  followed  bv  maxi- 
mum speed  of  lift  as  the  valve  leaves  its  seat.  These  characteris- 
tics are  shown  by  the  curves  in  Figs.  5  and  (S.  The  necessity  for 
some  gear  of  this  kind  is  evident  from  the  indicator  card,   which 
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shows  that  the  exhaust  valve  iiiiist  open  under  a  pressure  of  about 
30  lbs.  per  square  inch. 

IGNITION 

Electrical  ignition  is  employed  throughout  the  engine,  both 
storage  batteries  and   a  dynamo  being  available   for  this  purpose. 

By  separating  the  circuit 
into  two  sections  and  pro- 
viding double  igniters  at 
each  cylinder  end,  there 
are  four  [>ossible  igniter 
combinations  for  each 
c  0  m  b  u  s  t  i  o  n  chamber 
which  renders  improbable 
a  shut-down  from  igniter 

FIG.      5 — VFLOCITY     CURVE     FOR     EXHAUST     VALVE**"^^'^^^^-        ^'^     Small     S\\  itCH 

(,j.^g  interposed  in  these  ignit- 

er circuits  is  located  at 
the  rear  end  of  the  engine  and  another  at  the  flywheel  (the  latter 
operated  by  a  special  limit  device)  ;  either  switch  when  opened  will 
cut  off  the  ignition  current  to  the  engine.  This  affords  a  conveni- 
ent means  of  instantly  shutting  down  the  plant  in  case  of  necessity. 

CIRCULATING   WATER 

For  this  important  service  an  automatic  system  is  used.  Water 
is  supplied  to  the  several  parts  of  the  engine  at  a  constant  head 
from    an    elevated    tank. 
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pumping  outfit  has  an 
automatic  motor  starter 
controlled  by  the  water 
level  in  the  tank,  wdiich 
renders  the  water  system 
automatic  in  its  operation 
and  relieves  the  attendant 
of  much  responsibility,  fig. 
At  the  engines  open  fun- 
nels are  inserted  in  the 
outlets  from  the  cooling  passages  as  shown  in  Figs,  i  and  2,  so 
that  one  may  see  as  well  as  feel  the  condition  of  the  water  pass- 
ages.    Water  is  delivered  to  the  piston  rods  by  a  small  reciprocat- 


6 — PRESSURE     CURVE     SHOWING     ACTION 
EXHAUST    VALVE    MECHANISM 

Valve  full  open  at  right  end  of  curve. 
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ing'  plung-er  pump  bolted  to  the  crosshead.     With  this  device  water 
circulation  in  the  piston  begins  at  once  when  the  engine  is  started. 

LUBRICATION 

I'he  very  vital  detail  of  lubrication  is  entirely  automatic  in  its 
operation.  Small  sight  feed  pumps,  positively  driven  from  the  lay 
shaft,  inject  cylinder  oil  into  the  cylinder  at  just  the  proper  time 
to  prevent  its  lubricating  properties  being  destroyed  by  the  suc- 
ceeding combustion. 

Engine  oil  is  handled  by  a  continuous  circulating  and  filtering 
system,  comprising  an  elevated  tank  and  flush  sight  feed  manifolds 
on  the  engine. 

STARTING 

An  eiTective  detail  is  the  mechanism  whereby  these  engines 
may  be  started  cold  and  brought  up  to  speed  with  but  two  move- 
ments— the  opening  of  two  valves ;  one  the  compressed  air  and 
the  other  the  gas  supply.  By  means  of  special  cams,  compressed 
air  is  let  into  the  cylinders  at  just  the  proper  time  to  effect  a  power 
stroke.  On  the  third  revolution  one  of  the  cylinders  automaticallv 
"picks  up"  the  normal  ignition  and  one  by  one  the  air  starters  are 
automatically  cut  off.  With  an  engine  of  this  size  it  usually  takes 
about  a  minute  to  bring  it  up  to  speed  from  a  cold  start. 

From  this  descrij)tion  some  idea  may  be  had  of  the  details 
\\hich  have  contributed  to  the  successful  use  of  gas  power  at  \\'ar- 
rcn.  This  plant  may  well  be  considered  as  a  mile-stone  in  the  his- 
tory of  American  gas  power  ap])lications,  as  here  for  the  first  time 
is  a  complete  demonstration  of  its  ability  to  meet  the  severe  condi- 
tions imposed  by  railway  work.  Tn  combination  with  the  single- 
phase  interurban  railway  the  W^utc  n  i)lant  is  altogether  unique. 


POTENTIAL  REGULATION  FOR  LARGE  ELECTRIC 

FURNACES 

H.  R.  STL'ART 

ELECTRIC  furnaces  for  the  manufacture  of  carborundum 
j^^raphite,  and  similar  products  require  a  relatively  high  po- 
tential at  the  start.  As  the  charge  in  the  furnace  becomes 
heated,  its  resistance  decreases ;  it  is  therefore  desirable  to  decrease 
the  potential  at  the  furnace  terminals  and  at  the  same  time  to  in- 
crease the  flow  of  current  thus  keeping  the  kilowatt  consumption 
nearly  constant.  The  regulation  of  the  current  supplied  to  the 
earlier  furnaces,  when  comparatively  small  amounts  of  power  were 
required,  was  a  simple  matter.  Devices  similar  to  those  commonly 
employed  for  the  regulation  of  alternating-current,  single-phase 
feeder  circuits  were  successfully  employed.  But  as  the  amounts 
of  power  required,  and  consequently  the  currents  to  be  handled,  be- 
came larger,  the  limit  of  these  devices  was  soon  reached  and  a  de- 
mand arose  for  a  regulating  outfit  of  much  larger  capacity. 

The  type  of  feeder  regulator  mentioned  above  consisted  usual- 
1\"  of  a  transformer  having  a  number  of  taps  brought  out  from  the 
secondary  winding  to  contacts  on  a  dial.  A  swinging  arm  con- 
nected to  the  main  circuit  could  be  shifted  over  these  contacts. 

The  primary  winding  was  designed  for  constant  potential  and 
therefore  the  induction  in  the  iron  core  remained  constant,  while 
the  number  of  secondary  turns  was  varied  to  accomplish  the  desir- 
ed regulation.  This  method  gives  a  minimum  of  weight  and  there- 
fore a  transformer  of  low  cost,  but  the  dial  or  regulator  must  be  in 
the  secondary  circuit,  and  when  large  currents  are  used,  difficulties 
are  encountered  which  make  it  advisable  to  resort  to  other  means 
of  regulation. 

An  excellent  method  consists  of  placing  the  regulator  in  the 
constant  potential  primary  circuit  of  the  transformer  and  varying  the 
number  of  primary  turns.  In  this  way  the  currents  handled  by  the 
regulator  may  be  reduced  to  a  convenient  amotmt.  The  secondary 
turns  remain  constant,  but  the  induction  in.  the  iron  core  is  varied. 
Thus  for  a  given  output  a  somewhat  larger  transformer  is  required, 
but  this  is  offset  by  the  better  design  and  jjcrformance  of  the  regu- 
lator. 

With  the  induction  regulator  these  same  objections  do  not  ex- 
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ist,  but  other  disadvantages  are  encountered,  chief  of  which  are; 
the  larger  magnetizing  current,  vibrations  tending  to  injure  the  in- 
sultation  and  difficulty  in  bringing  out  the  secondary  leads  so  as  to 
have  them  interlaced. 

One  of  the  problems  met  with  in  the  design  and  operation  of 
electric  furnaces  is  the  inherently  low  power-factor  at  which  the  ap- 
paratus works.  This  is  due  to  the  very  heavy  currents  and  the 
necessarily  large  area  enclosed  by  the  secondary  circuit.  To  mini- 
mize this  effect  the  secondary  leads  should  be  composed  of  a  large 
number  of  straps  so  interlaced  as  to  neutralize  self-induction  as 
much  as  possible.  It  is  advisable  also  to  have  regulating  devices 
which  require  small  magnetizing  currents  as  the  working  power- 
factor  is  thereby  improved. 

The  induction  regulator  has  been  used  for  the  control  of  large 
currents  over  a  considerable  range  of  voltage,  but  it  has  been  prac- 
tically supplanted  in  this  field  by  the  transformer  with  taps  and 
regulator.     Two  installations  of  the  latter  type  will  be  described. 

A  450  kw.  regulating  outfit  was  installed  at  the  Niagara  Falls 
works  of  the  Acheson  Graphite  Company  about  five  years  ago. 
This  consists  of  a  transformer,  the  primary  of  which  has  taps 
brought  out  and  connected  to  a  series  of  manually  operated  knife 
switches,  the  secondary  being  connected  directly  to  the  load.  The 
constant  potential  2  200  volt  line  may  thus  be  connected  to  a  vary- 
ing number  of  primary  turns  and  the  regulation  effected  by  chang- 
ing the  transformer  ratio.  The  switch.es  are  mounted  u]H^n  a 
marble  panel  with  barriers  interposed  and  are  arranged  to  be  ojiera- 
ted  by  means  of  a  pole  and  hook. 

A  preventive  resistance*  keeps  the  working  circuit  ivoxw  being 
opened  when  the  switches  pass  from  one  point  to  another,  but  it  is 
not  in  circuit  continuously.  This  arrangement  gives  an  efficient  and 
comparatively  simple  means  of  regulation,  but  it  requires  a  skilled 
operator  and  considerable  time  to  pass  from  minimum  to  maximum 
current,  and  vice  versa. 

Later  a  regulating  outfit  of  nominally  i  600  kw.  capacity  was 
required  by  the  Carborundum  Company  at  Niagara  Falls.  This  in- 
stallation was  to  be  operated  fr^m  the  Niagara  Falls  Power  Cotn- 
pany's  circuits  at  2  200  volts  and  25  cycles. 

Tt  was  desired  to  olitain  a  range  of  secondary  potential  from 
150  to  75  volts  with  a  practically  constant  current  t^f  from  700  to 
800  amperes.  This  would  give  a  current  through  the  furnace  of 
*Thc  Electric  Journal.  \'u\.  IT,  p.  5-7. 
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from  iiocK)  to  12000  amperes  accordinj^  to  the  stage  of  the  pro- 
cess. Owing  to  the  lack  of  precedent  it  was  not  possible  to  de- 
termine exactly  the  secondary  potential  which  might  be  required 
nor  to  what  degree  it  would  be  necessary  to  graduate  voltage  steps 
for  the  best  operating  conditions.  Although  automatic  overload  pro- 
tection was  to  be  used  it  was  thought  best  on  account  of  the  large 
currents  to  be  handled  to  have  the  regulating  apparatus  "fool- 
proof," so  that  an  ordinary  operator  could  be  entrusted  with  its 
care.  It  was  also  desirable  to  pass  quickly  from  one  extreme  to  the 
other  of  its  working  range  without  danger  of  closing  the  wrong 
switch.  After  a  careful  consideration  of  the  problem  it  was  decided 
to  employ  a  main  regulating  transformer,  having  taps  brought  out 
from  points  in  the  primary  winding  that  would  give  approximately 


FIG.     I — MAIN    OIL-SWITCH    REGULATOR 


equal  voltage  steps  on  the  secondary.  In  connection  with  these 
taps  an  oil-switch  regulator.  Fig.  i,  capable  of  carrying  the  full  line 
current  and  of  transferring  it  without  interruption  from  one  tap  to 
another,  was  employed.  This  was  operated  by  means  of  a  single 
handle  ;  one  direction  of  rotation  raising  and  the  opposite  direction 
lowering  the  ratio  of  the  main  transformer. 

The  secondary  winding,  which  was  made  up  of  a  number  of 
copper  straps,  was  connected  permanently  to  the  furnace  terminals. 
These  straps  were  interlaced  in  passing  from  the  winding  and  the 
interlacing  was  continued  in  the  terminal  straps  to  a  point  as  near 
the  furnace  as  possible,  for  the  purpose  of  reducing  the  secondary 
self-induction  as  previously  explained. 

In  order  to  secure  a  finer  voltage  adjustment  an  auxiliary  regu- 
lator. Fig.  2,  in  connection  with  a  series  transformer  and  an  auto- 
transformer   were  supplied.     This   regulator  was   provided   with   a 
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reversing  switch  making  it  possible  to  obtain  the  desired  range 
of  regulation  with  the  minimum  capacity  of  auxiliary  apparatus,  A 
preventive  resistance  was  employed  and  all  voltage  changes  made 
without  breaking  the  circuit  substantially  as  with  the  main  regula- 
tor. 

By  referring  to  the  diagram  of  the  electrical  connections,  Fig.  3, 
the  various  steps  in  the  operation  of  the  apparatus  may  be  fol- 
lowed.    Consider  switches  2  and  10  of  the  main  regulator  closed ; 


J       .\l   XlLiAKV    DRUM     CONTKOI.I.KK 


upon  turning  the  operating  handle  in  the  direction  "to  lower,"  a 
cam  on  the  closing  shaft  closes  switch  9,  and  a  cam  on  the  tripping 
shaft  will  then  tri[)  switch  10.  Then  switch  i  will  bo  closed  and 
switch  2  opened.  These  operations  will  lake  jilaco  in  the  order 
named  and  well  within  one  complcle  rcvoliuinn  ol'  llic  operating 
handle  or  crank.  r>y  following  out  the  steps  it  will  be  soon  tbat 
the  line  lead  has  been  transferred  from  tap  10  to  [:\p  ()  of  the  main 
transformer  by  passing  the  main  ciuTont  thnnii;li  iho  preventive 
resistance  R^  for  a  very  short  time  and  without  opening  the  main  cir- 
cuit or  producing  a  disturbance  on  the  line  or  appreciable  arcing 
within  the  oil  switch  tanks.  Another  revolution  of  the  handle  in 
the  same  direction  will  transfer  the  line  to  tap  8.     In  this  way  all 
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of  the  primary  winding  may  be  eonnected  in  and  the  ratio  of  the 
transformer  so  changed  as  to  give  the  minimum  potential  at  the 
furnace  terminals.  After  turning  the  handle  any  number  of  revo- 
lutions "to  lower,"  it  may  be  turned  in  tlie  reverse  direction  "to 
raise,"  which  will  simply  transfer  the  line  lead  along  the  primary 
winding  in  the  reverse  direction. 

The  auxiliary  regulator  shown  in  Fig.  2  is  of  the  drum  type, 
with  the  drum  made  in  two  separate  spiral  castings.  A  preventive 
resistance  Rg  is  connected  as  shown  in  Fig.  3  and  the  circuit  is  not 
broken  in  passing  from  tap  to  tap  of  the  auto-transformer.     The  re- 
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FIG.    3 — DIAGRAM    OF   CONNECTIONS 

versing  switch  is  mechanically  interlocked  with  the  drum  so  as  to 
prevent  its  being  thrown  while  the  drum  is  in  any  but  the  first  or 
zero  positions. 

The  installation  as  shown  in  Fig.  4  was  erected  in  1903  and  has 
been  in  continuous  and  successful  operation  since  that  time. 

The  supply  mains  may  be  seen  on  the  wall  at  the  left.  One  of 
these  passes  through  a  water  rheostat  and  circuit  breaker,  which  is 
mounted  upon  a  shelf  against,  the  brick  wall  above  the  other  ap- 
paratus. T'his  water  circuit  breaker  consists  of  a  boiler-iron  tank  as 
the  fixed  element,  having  a  vitrified  sewer  pipe  as  a  lining  for  the 
sides  and  a  pair  of  iron  plates  arranged  as  the  moving  element.  The 
tank  is  partly  filled  with  a  saline  solution.  The  moving  element  is 
arranged  to  be  raised  and  lowered  by  means  of  a  hand   windlass 
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mounted  upon  the  side  of  the  auxiUary  regulator.  A  two-pole 
knife  switch  mounted  against  the  wall  is  mechanically  interlocked 
with  the  windlass  and  circuit  breaker  and  electrically  so  connected 
as  to  short-circuit  the  water  circuit  breaker  under  regular  running 
conditions  and  to  be  opened  before  the  circuit  breaker  is  opened. 
This  combined  rheostat  and  breaker  serves  to  close  and  open  the  cir- 
cuit gradually  and  to  save  the  oil  circuit  breaker  from  undue  wear. 
The  line  next  passes  to  a  switchboard  panel,  through  a  two-pole 
automatic  oil  circuit  breaker  and  the  instruments  to  the  regulators. 
The  instruments  on  this  panel  consist  of  a  i  200  ampere  ammeter,  a 


FIG.   4 — GENERAL  VIEW   OF   INSTALLATION 

150  volt  voltmeter  for  the  low  tension  or  furnace  circuit  and  a  2400 
kw  indicating  wattmeter.  The  transformer  case  shown  in  the  fore- 
ground contains  the  series  and  auto-transformers  ami  directly  be- 
yond it  may  be  seen  the  auxiliary  drum  regulator.  Beyond  the 
switchboard  panel  is  the  main  regulator,  with  leads  passing  upward 
and  back  to  the  main  transformer.  The  low  tension  secondary  leads 
pass  from  the  main  transformer  directly  back  through  the  wall  to 
the  furnace,  which  is  located  as  near  the  wall  as  possible. 

A  door  just  behind  the  transformer  opens  into  the  furnace 
room.  This  is  entirely  shut  off  from  the  regulator  on  account  of 
the  dust  and  dirt  incidental  to  the  process. 


THE  CIVITA  CASTELLANA  SINGLE-PHASE  RAILWAY 


W.   K-  SIIXKMKIZ 

TJiE  first  single-phase  railroad  in  Italy  was  put  in  operation 
about  the  first  of  April,  1905,  and  extends  from  Rome  to 
the  town  of  Civita  Castellana,  a  distance  of  54  kilometers 
(34  miles). 

The  line  for  the  entire  distance  is  single  track,  and  is  laid  on 
the  public  highway  where  still  may  be  seen  portions  of  the  old  \".a 
Flaminia,  the  stone  road  built  by  the  Romans. 

This  road  winds  its  way  through  a  very  picturesque  but  hilly 
country,  passing  through  several  small  towns,  and  contains  manv 
sharp  curves  and  stiff  grades.     There  are  some  grades  of  as  much 

as  seven  per  cent,  and 
several  curves  of  20 
meters  radius  (65.7  ft). 

Civita  Castellana,  at  the 
end  of  the  line,  stands  on 
a  high  bluff  of  solid  rock 
and  is  well  named  with 
its  strong  walls  and  im- 
pregnable position.  The 
road  here  has  a  seven  per 
cent,  grade  with  short 
curves  for  more  than  a 
kilometer  (five-eighths  oi 
a  mile).  It  has  heretofore 
been  isolated  from  rail- 
road travel  and  all  traffic 

VIEW   ON   CIVITA   CASTELLANA   RAILWAY    SHOWING    •        „^„f1„(,tp.1     ^y     ^artS     tO 
WORKMEN    INSTALLING    A    SECTION    INSULATOR       '^     v.uinaLH_L..^i        ^ 

the  steam  road,  a  distance 
of    ten    kilometers    (6.2   miles). 

Starting  in  the  center  of  the  more  modern  section  of  Rome 
the  track  is  laid  with  a  girder  rail  weighing  30  kilos,  per  meter 
(70  lbs.  per  yard)  and  a  one  meter  gauge,  (3  ft.  3.4  in.)  both  rails 
being  bonded.  T'he  trolley  voltage  is  600,  the  line  construction 
being  of  the  standard  600  volt  bracket  type  with  a  No.  00  grooved 
trolley  wire  and  a  feeder  of  the  same  size. 

At  the  power  station,  which  is  situated  along  the  banks  of  the 
Tiber  river,  about  four  kilometers   (2.5  miles)   from  Rome,  the  rail 
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VIEW    OF   CIVITA    CASTELLANA    RAILWAY    SHOWING 
LINE    CONSTRUCTION    AT    A    SECTION    INSULATOR 


is  changed  to  T-rail  of  20  kilos,  per  meter  (50  lb.  per  j-ard)  and 
only  one  rail  is  bonded.     The  line  pressure  is  here  raised  to  6000 

volts  and  continues  so  to 
Civita,  no  feeder  or  sub- 
station being  used,  with 
the  whole  current  carried 
on  a  single  No.  o 
grooved  trolley  wire  sus- 
pended from  brackets 
with  double  insulation. 
The  bracket  arm  is 
made  of  two  single-iron 
bars  put  together  by 
plates  to  form  a  V,  the 
open  end  embracing  the 
pole  on  either  side.,  to 
which  it  is  fastened  by 
means  of  a  bolt  through 
the  pole,  a  collar  of  iron 
being  placed  around  the 
pole  at  this  point  to  prevent  wear. 

The  two  outside  insulators  are  of  the  ordinary  type  of  double 
petticoat  insulator  test- 
ed for  20000  volts.  A 
novel  feature  of  this 
construction  is  the  strain 
insulator  used.  The  fail- 
ure of  this  insulator  to 
stand  the  mechanical 
strain,  though  it  was 
good  for  the  voltage  test 
of  20000  volts,  necessi- 
tated immediate  action 
as  no  other  insulator 
could  be  found  on  the 
market.  The  trouble  wa 
overcome  by  putting  this 
insulator  in  a  cage,  thus 
having  a  compression  in- 
stead of  a  strain. 

The  cross  suspension  is  made  with  steel  cable  with  a  flat  bar 
in  the  center  of  the  suspension.    To  this  are  attached  the  mechanical 


i^IEW    ox   CIVITA   CASTELLANA    RAILWAY    SHOWINC. 
LINE   CONSTRUCTION    AT   TURN    OUT 
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cars,  inadc  of  slccl,  which  Imld  the  lrolle_\-  wire.  These  ears  can 
be  adjusted  at  any  point  on  this  bar,  the  purpcjse  of  which  is  to 
obtain  an  easy  inctliod  of  stag-f^crin<j^  the  Hne  as  is  necessary  with 
a  bow  trolley.  l',y  varying-  the  length  of  this  ])ar  at  curves  it  is 
also  possible  to  adjust  the  wire  properly  without  the  aid  of  pull- 
off  s. 

Another  point  which  is  not  used  in  ordinary  construction  is 
the  method  of  suspending  the  trolley  wire  at  the  brackets.  In 
addition  to  the  ordinary  suspension  there  is  a  short  piece  of  cable 
clamped  to  the  trolley  wire  about  70  cm.  (27.6  in.)  on  either  side 
of  the  bracket,  passing  over  and  fastened  to  the  same.  This  cable 
is  normally  a  little  slack  but  it  serves  the  purpose  of  holding  the 
trolley  wire,  should  it  break  loose  from  any  of  its  supports. 

At  every  five  kilometers  (3^  miles)  a  section  line  insulator,  a 
horn  type  lightning  arrester  with  resistance  and  a  three-pole  switch 
are  placed  in  the  line,  the  ground  plate  for  the  arrester  being  also 
connected  to  the  rails  at  this  point.  This  sectional  insulator  is 
placed  between  two  poles  three  meters  (9.9  ft.)  apart  as  shown. 
A  double  insulator  is  inserted  in  the  trolley  wire  between  these 
two  poles  and  the  same  is  anchored  and  elevated  by  means  of  an 
iron  brace  which  spans  the  two  brackets,  the  trolley  bow  being 
guided  by  the  T-rod,  which  is  shown  to  one  side  of  the  wire.  This 
rod,  wdiich  has  an  ordinary  trolley  wire  riveted  to  the  under  side, 
is  connected  to  one  pole  of  the  three-pole  switch,  while  either  side 
of  the  trolley  is  connected  to  the  other  two  poles.  In  this  way  the 
circuit  is  continuous  wdien  the  switch  is  closed.  In  order  to  render 
a  pressure  of  6000  volts  permissible  on  a  public  road,  it  was  nec- 
essary to  employ  such  a  system  that  should  the  trolley  break  down 
or  the  circuit  be  opened  at  any  point  on  the  line,  the  current  would 
be  cut  ofif  at  the  power  house.  To  obtain  this  result,  there  is  a 
pilot  ware  of  2  mm.  (.04  in.)  diameter  run  from  the  power  house 
to  the  end  of  the  line  where  it  is  connected  in  series  with  the 
trolley  wire.  At  the  pow?er  house  the  pilot  wire  is  connected  to  a 
minimum  and  maximum  relay  on  the  main  circuit  breaker  and 
serves  the  purpose  of  opening  this  breaker  should  any  interruptiou 
to  the  current  occur  either  by  an  open  or  short-circuit  in  the  line. 

T'he  cars  to  be  operated  on  this  line  are  the  ordinary  type  of 
about  12  tons  loaded,  wdth  small  bodies  and  large  platforms  front 
and  rear.  They  will  be  equipped  with  the  standard  Westinghouse 
single-phase  apparatus  consisHng  of  two  40  hp  single-phase  motors 
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of  25  cycles  and  250  volts,  with  hand  operated  control.  The  auto- 
transformer  is  of  the  oil  type  and  has  taps  for  the  two  trolley  volt- 
ages of  6000  and  600,  with  auxiliary  taps  for  the  motors  ranging 
from  150  to  250  volts.  There  will  also  be  a  complete  Westing- 
house  air  brake  equipment  with  motor  operated  compressor  and  a 
pneumatic  bow  trolle_y. 

The  change-over  switch  which  is  used  in  passing  from  the 
6000  to  the  600  volt  section  as  they  enter  the  city  of  Rome,  will 
be  placed  on  the  car  roof  at  one  side  of  the  trolley  base.  The 
action  of  this  switch  is  made  mechanical  by  means  of  an  L-lever 
which  engages  a  spring  brace  on  the  pole  when  the  car  enters  the 
dead  section  of  the  trolley  wire.  By  this  means  the  switch  is 
thrown  to  either  the  600  or  the  6  000  volt  position  on  the  trans- 
former according  to  the  direction  of  the  car. 

In  addition  to  these  cars,  of  which  there  are  seven,  they  are 
now  building  two  locomotives  for  use  in  handling  the  freight  traffic. 
These  will  be  equipped  with  four  40  hp  single-phase  motors,  auto- 
matic control  with  unit  switches  and  geared  to  a  speed  of  20  kilo- 
meters (12.5  miles)  per  hour,  the  passenger  cars  having  a  speed 
of  40  kilometers  (25  miles)  per  hour. 

While  this  is  the  first  W>stinghouse  road  which  will  be  put  iu- 
operation  in  Europe,  there  are  already  under  construction  two  much 
larger  roads  which  will  use  the  locomotives  for  all  classes  of  ser- 
vice. 


THE  VARIATION  OF  CANDLE-POWER  DUE  TO 
FREQUENCY 

EXPERIMENTS  SHOWING  THE  VARIATION  AT  25  CYCLES* 
P.  O.  KEILHOLTZ  AND  B.  HARRISON  BRANCH 

THE  amount  of  variation  of  candle-power  of  incandescent 
lamps,  due  to  a  frequency  at  twenty-five  cycles,  has  been 
a  matter  of  opinion  among-  engineers.  This  investigation 
was  undertaken  to  determine  definitely  the  amount  of  variation  in 
illumination  through  the  cycle.  The  practicability  of  25-cycle  light- 
ing has  been  demonstrated  at  the  Pan-American  and  the  St.  Louis 
Expositions,  and  it  is  in  commercial  use  at  Niagara  Falls  and  in 
the  city  of  Buffalo.  The  elevated  stations  of  the  Interborough 
Rapid  Transit  Company,  in  New  York  City,  are  lighted  by  incan- 
descent lamps  at  25  cycles. 

In  these  examples  the  prime  movers  have  a  minimum  variation 
from  uniform  angular  velocity.  Some  new  elements  are  brought 
into  the  problem  when  the  prime  movers  have  a  greater  angular 
velocity,  which  may  in  turn  cause  disturbances  in  parallel  operation 
between  themselves  and  other  synchronous  apparatus.  The  prac- 
ticability of  25-cycle  lighting,  like  that  by  direct  current  and  higher 
frequency,  depends  upon  the  quality  of  the  installation,  and  can  best 
be  determined  in  a  particular  case  by  actual  trial. 

The  fundamental  element  underlying  the  fluctuation  in  candle- 
power  is  the  fact  that  the  temperature  of  the  filament  and  the  quan- 
tity of  the  light  given  off  varies  through  the  cycle.  T'he  first  thing 
to  determine,  therefore,  is  the  exact  amount  by  which  the  candle- 
power  varies  due  to  frequency  with  both  high  economy  and  low 
economy  lamps. 

When  an  incandescent  lamp  is  turned  off  the  filament  requires 
an  appreciable  time  to  cool  and  become  black.  If  the  circuit  is 
rapidly  made  and  broken  the  shade  of  red,  which  the  filament  as- 
sumes, depends  upon  the  rapidity  with  which  the  current  is  inter- 
rupted; the  shorter  the  period,  the  brighter  the  shade  of  red,  and 
vice  versa.  An  alternating  current  w^ill  produce  a  similar  effect  on 
the  filament,  causing  a  flickering  of  the  lamp  at  low  frequencies. 


*These  experiments  were  performed  by  Mr.  Branch,  under  the  direction 
of  Mr.  Keilholtz,  Engineer,  Consolidated  Gas,  Electric  Light  &  Power  Com- 
pany, Baltimore,  Md 
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but  a  steady  light  when  the  frequency  is  sufficiently  high  to  main- 
tain the  filament  at  incandescence. 

ARRANGEMENT    OF   APPARATUS 

In  order  to  determine  exactly  what  is  the  variation  in  the  in- 
tensity of  illumination  of  an  incandescent  lamp  on  a  25  cycle,  alter- 
nating-current circuit  a  number  of  experiments  were  performed, 
one  of  which  may  prove  interesting  and  is  as  follows : 

Two  incandescent  lamps  were  compared  photometrically,  one 
supplied  from  an  alternating,  the  other  from  a  direct-current  cir- 
cuit. The  comparisons  were  made  at  a  number  of  points  in  a  cycle, 
by  shading  the  photometer  screen  and  admitting  the  light  from  both 
lamps  at  fixed  intervals  only.  This  was  accomplished  by  rotating  a 
disk  with  two  radial  slots  diametrically  opposite,  between  the  lamps 
and  the  photometer  screen.  The  photometer  and  lamps  were  mount- 
ed on  a  frame  free  to  rotate  around  the  same  axis  as  the  disk  re- 
volved. When  the  speed  of  the  disk  was  synchronous  with  the 
alternating  current,  the  lamps  were  exposed  to  the  photometer  at 
the  same  interval  of  the  cycle,  for  a  fixed  position  of  the  photo- 
meter. By  rotating  the  photometer  the  exposure  was  made  at  other 
fixed  periods  in  the  cycle.  xA.ttached  to  the  photometer  was  a  circu- 
lar disc  graduated  in  divisions  of  five  degrees  each,  and  to  the  base 
was  fixed  a  point  to  indicate  the  angular  position  of  the  photometer. 
On  the  same  shaft  as  the  disc  was  a  circular  scale  divided  into 
ninety  degrees,  making  it  possible  to  compare  the  lamps  through 
any  quadrant  of  the  cycle,  without  changing  the  position  of  the 
disc  on  the  shaft.  The  movement  of  the  photometer  was  limited  to 
one  hundred  and  ten  degrees  in  the  apparatus  used,  necessitating  a 
•change  of  position  of  the  disc  on  the  shaft  to  cover  a  complete 
.cycle  of  the  incandescent  lamp.  The  arrangement  of  the  ap- 
paratus and  circuits  is  shown  in  Fig.  i.  The  radial  slots  in  the 
disc  extend  over  an  angle  of  ten  degrees,  exposing  the  lamps  to  the 
screen  for  1/36  of  a  cycle.  Tiic  potential  across  the  termnials  of 
each  lamp  was  kept  constant  by  means  of  variable  resistances  in 
each  circuit. 

The  bi-polar  synchronous  motor  and  the  alternating-current 
lamp  were  fed  from  the  same  transformer  and  therefore  were  sub- 
jected to  the  same  variation  in  potential.  The  direct-current  lamp 
derived  its  supply  from  a  rotary  converter,  which  was  fed  from  the 
same  high  tension  lines  as  the  alternating-current  lamp. 

Tt  was  noticed  that  lamps  were  more  readily  compared  when 
their  filaments  had  the   same  relative  position  with   respect  to  the 
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disc.  A  iihiiiKiit  in  llie  position  of  niaxinnnn  illuniincilion  when 
compared  with  one  in  the  position  of  minimum  iHuminatiiJU  gave 
(hl'ferent  colors  to  the  spot,  and  for  this  reason  made  comparison 
(Hfticuh.  'i'lie  huni)s  coni])ared  were  taken  from  stock  and  not 
specially  selected. 

The  position  of  the  disc  on  the  shaft  was  such  that  the  photo- 
meter scale  and  frame  su])pnrting  the  lam])s  was  in  a  horizontal 
{josition  for  maximum  candle  power  of  the  alternating-current  lamp. 
This  permitted  a  movement  of  fifty-five  degrees  on  either  side  of 


FIG.     I — ARRANGEMENT    OF    PHOTOMETER    AND    CIRCUITS 

A — Lamp     on     direct-current    cir-  V — Voltmeter 


cult 
B^ — Lamp    on     alternaiting-current 

circuit 
R — Variable  resistance 


D— Slotted  disc 
]\I — Mirror 
S — Screen 


the  maximum  point,  making  it  possible  to  determine  the  shape  of 
the  wave  peak  without  changing  the  position  of  the  disc  on  the 
shaft.  To  obtain  the  minimum  candle  power  the  disc  was  rotated 
90  degrees  on  the  shaft. 

METPIOD    OF   OPERATION 

With  the  lamps   in   position,   and  the  disc  revolving  at   i  500 
r.p.m.,  the  synchronous  speed,  readings  were  taken  every  ten  de- 
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grees,  for  one  hundred  and  ten  degrees,  when  the  disc  was  shifted 
ninety  degrees  on  the  shaft  and  the  readings  continued.  The  ob- 
servations were  made  in  a  darkroom  with  the  photometer  screen 
shielded  from  stray  Hght.  The  voltage  on  both  lamps  was  main- 
tained at  normal,  viz.,  loo  volts  alternating  current,  120  volts  direct 
current.  The  readings  of  the  photometer  scale  were  corrected  by 
adding  a  constant  to  give  the  distance  of  the  direct-current  lamp 
from  the  point  of  equal  illumination.  Knowing  the  length  of  the 
path  of  light,  the  relative  candle-power  of  the  two  lamps  was  calcu- 
lated by  applying  the  rule  that  the  candle-power  of  a  lamp  varies 
inversely  as  the  square  of  the  distance. 

T'he  lamps  were  then  photometered  to  determine  their  candle- 
power  in  the  direction  in  which  they  were  compared  and  also  rotat- 
ing to  ascertain  the  mean  horizontal  candle-power  and  watts  per 
candle  at  their  normal  voltages.  The  candle-power  of  the  direct- 
current  lamp  in  its  fixed  direction  was  multiplied  by  the  calculated 
ratio  between  it  and  the  alternating-current  lamp  to  give  the  candle- 
power  of  the  alternating-current  lamp  in  the  several  positions  of 
the  cycle  at  which  comparisons  were  made. 

RESULTS 

The  result  of  these  observations  for  the  four  lamps  compared 
are  given  in  Figs.  2  and  3  which  give  the  curves  of  candle-power 
at  different  points  in  the  cycle  of  3.1  watt  and  4  watt,  16  candle- 
power  TOO  volt  lamps;  also  3.1  watt  and  4  watt,  32  candle-power, 
100  volt  lamps. 

Tlie  descending  side  of  the  wave  is  convex,  w^hile  the  ascend- 
ing side  is  concave.  This  is  more  marked  in  the  3.1  watt  lamp 
than  in  the  4  watt  lamp  which  have  heavier  filaments  and  therefore 
do  not  respond  as  readily  to  a  change  in  current  density  as  the 
lighter  filament  lamps.  T'he  peak  of  the  wave  is  more  acute  than 
the  trough,  which  is  to  be  expected  ;  having  a  higher  temperature 
the  radiation  from  the  filament  is  more  rapid  and  so  it  responds  to 
a  change  in  current  more  readily. 

The  16  candle-power,  3.1  watt  lamp  has  a  greater  variation  in 
candle-power  than  the  4  watt  hxnip  or  the  two  32  candle-power 
lamps.  This  is  due  to  the  fact  that  llic  mass  of  filament  and  its 
stn-face  is  considerably  less  than  that  of  the  other  three. 

After  these  experiments  were  completed,  which  established  the 
variation  in  the  luminous  intensity  of  incandescent  lamps  on  alter- 
nating-current   circuits,    it   was    found    that   experiments   had   been 
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pcrforincd   at   C"(jlunil)ia   College*   to   deterniine   the   maxinuini    fre- 

qiieiic}'  at  which  a  noticeahle   llicker  could  Ijc  observed.     The  f(^l- 

lowing  extract  is  from  the  report  of  these  experiments  given  before 

the  A.  I.  E.  E. : 

A  number  of  years  ago  in  the  laboratory  of  Columbia  College  we  had  a 
small  rotary  converter  which  was  under  control  so  that  we  could  produce 
alternating  currents  of  any  frequency  we  desired,  and  we  made  a  good  many 


FIG.   2 — CURVES     OF    CANDLE-POWER    VARIATION    OF     A  3. 1   AND  A  4   WATT,    16 
CANDLE-POWER,    lOO  VOLT,  LAMP  AT  2$   CYCLES 

•  =3.1  watt  lamp. 
°z=4      watt  lamp. 

tests  with  15  to  20  students  at  a  time,  in  order  to  determine  what  frequency 
could  be  detected.  The  condition  is  quite  different  from  what  it  is  to  go 
where  a  system  is  being  operated  at  25  cycles.  You  know  the  frequency  and 
you  look  at  a  lamp,  and  you  say,  yes ;  you  can  see  the  flickering  of  the  light. 
But  if  you  start  with  a  high  frequency  and  gradually  lower  it,  telling  every- 


FIG.   3 — CURVES  OF  CANDLE-POWER  VARIATION     OF    A    3. 1     AND    A  4  WATT.  32 
CANDLE-POWER,   IOC  VOLT  LAMP  AT  25   CYCLES 

•=3.1  watt  lamp. 
.°z=4  watt  lamp. 

one  to  keep  his  eyes  on  the  lamp,  different  men  will  at  different  instants  say 
that  they  detect  a  flicker;  and  if,  as  j'ou  repeat  that  experiment,  the  same 
man  detects  a  flicker  at  the  same  frequency,  that  is  pretty  good  proof  that 
he  does  detect  a  flicker.  Under  other  conditions  there  is  a  good  deal  of 
imagination  about  whether  j'ou  detect  the  flicker  or  not.  As  a  result  of  a 
good  many  experiments  of  that  kind,  with  lamps  at  various  efficiencies,  we 
found  that  20  or  21  was  about  as  high  a  frequency  as  any  man  could  detect 
repeatedly.     In   fact,  the  majority  could  not  detect  a   frequency  of  20. 


*A.  I.  E,  E..  Vol.  XXII,  p.  383,  1903,  Mr.  H.  A.  Storrs. 
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Messrs  P.  Janet  and  G.  Leonard  had  pursued  the  same  Hne  of 
investigation*  that  we  had,  but  further  than  the  crude  apparatus 
in  our  possession  permitted.  Their  resuUs  are  interesting  for  com- 
parison and  also  for  suggestion. 

Attention  is  cahed  to  the  fundamental  formula  which  forms  a 
basis   of  Mr.  Janet's  mathematical  treatment : 

2  sin   "^t 

The   power    delivered    to   an    incandescant    lamp,    P=:   

^  R 

The  term  denoting  the  wave  form  enters  as  a  square  into  this  expression, 
which  would  magnify  any  irregularity  in  the  wave  shape.  Therefore  it  is 
to  be  expected  that  a  peaked  wave  would  produce  a  flickering  light  at  the 
same  frequency  that  a  pure  sine  wave  would  produce  a  steady  light,  due  to 
the  greater  difference  of  maximum  potential.  The  variation  in  the  angular 
velocity  of  the  prime  mover,  as  in  the  case  with  slow  speed  reciprocating 
engines  with  sluggish  governors,  or  interchange  of  current  between  the  gen- 
erators or  surging  on  the  system  produced  by  synchronous  apparatus  would 
cause  a  decided  flicker  which  would  not  be  noticed  on  a  system  with  close- 
ly regulating  engines  or  turbo-generators  which  have  little  if  any  variation 
in  angular  velocity.  The  periodic  variation  thus  set  up  when  combined  with 
the  normal  wave  may  result  in  a  variation  of  sufficient  magnitude  to  make 
the  lamps  flicker. 

The  last  paragraph  qtioted  from  the  work  of  Messrs.  Janet  and 
Leonard  sets  forth  the  fact  that  the  wave  form  influences  the 
amount  of  variation  of  luminous  intensity.  This  is  in  accordance 
with  the  fundamental  formulae  for  power  delivered  to  the  lamp. 
It  would  be  possible  with  a  wave  form  of  the  proper  shape  to  pro- 
duce a  light  that  would  not  flicker  at  any  frequency. 

The  apparatus  used  by  Messrs.  Janet  and  Leonard  was  similar 
to  that  described  above  with  the  addition  of  attachments  for  de- 
termining the  instantaneous  values  of  current  and  electromotive 
force.    The  following  is  a  summar}-  of  the  results  obtained  : 

'J"hc  curve  oi  variations  is  periodic  with  time.  The  frequency  is  double 
that  of  the  supplied  power.  The  variations  are  not  sinusoidal.  The  curve 
of  luminous  intensities  lags  behind  the  curve  of  difference  of  potential. 

The  maxima  of  the  curve  of  luminous  intensities  and  of  the  difference 
of  potential,  arc  separated  from  each  other  l)y  a  fraction  of  a  period  smaller 
than  are  the  minima. 


*For  Janet's  mathematical  treatment  see  L' Eclairage  Electrique,  Vol.  XT. 
page  507,  and  for  his  physical  demonstration  in  connection  witli  C.  Leonard, 
see  Bulletin  de  La  Societe'  Internationale  des  Electricicns  Bulletin  i,  page 
615,  December,  1901. 
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'|-y\r.T.E  T.    (Sec  1-ip:.  4) 

I'VcqiK-iicies 

.30  42  55 

Luminous  intensity,  maximum 15.3  15  M-^S 

"  "  minimum 12.75  12.S5  12.9 

Absolute  variation    2.55  2.15  1.75 

Relative   variations,    per    100    18.5  t6  T2.7 

Mean  lag  of  maximums   30  35  35 

JVlcan  la<>-  of  minimums   50  50  45 

Upon  inspection  of  the  values  of  the  preceding  table  it  may  be  seen  that : 

1.  The  frequency  of  the  variation  of  luminous  intensity  increases  with 
that  of  the  difference  of  potential  of  the  supply. 

2.  The  variation,  absolute  or  relative,  of  the  luminous  intensity  of  the 
lamp  diminishes   when  the   frequency  increases   and   inversely. 

3.  The  curves  tend  to  become  sinusoidal  when  the  frequency  increases. 

4.  The  difference  in  phase  appears  to  remain  constant  from  30  to  55 
cycles. 

TABLE  n.     (See  Fig.  4) 

Lamp  at  27  volts. 

Standard  on  constant  current,  15.4  candle  power,  27  volts,  1.7  amperes, 
46  watts,  3  watts  per  candle. 

Frequencies 
42  15 

Luminous   intensity,   maximum    16.  i  14-65 

Luminous  intensitj%  minimum   16.43  13-4 

Absolute    variation    1.8  4.35 

Relative   variation,   per   100    1 1.7  28 

Mean  lag  of  maximums   45  40 

Mean  lag  of  minimums   52.5  45 

According  to  the  preceding  table  the  variation  of  luminous  intensity  in- 
creases when  the  frequency  decreases,  as  from  11.7  per  cent,  to  28  per  cent, 
for  a  variation  of  frequency  from  42  to  15. 

In  the  lamp  of  lower  voltage  the  angle  between  the  maximum  and  mini- 
mum of  the  curve  of  luminous  intensities  and  of  the  difference  of  potential 
decreases  with  the  frequencj'. 

TABLE  III.      (See  Fig.   4) 
Lamp  at  27  volts. 

Standard  on  constant  current  53.5  candle  power,  20  volts,  5.6  amperes. 
112  watts,  2.1   watts  per  candle. 

Frequencies 
42  20  10 

Luminous  intensity,  maximum    54  56.3  57.6 

Luminous  intensity,  minimum   50  49  44.8 

Luminous   intensity,   mean    52.5  52.5  50 

Absolute   variation    4  y.T,  12.8 

Relative  variation,  per  100  y.6  13.9  25.6 

Angle  between  the  maximums   45  60  25.6 

Angle  between  the  minimums   60  70  

The  relative  variation  increases  from  7.6  per  cent,  to  25.6  per  cent,  when 
the   frequency   decreases   from  42   to    10  periods.     At   this   last    frcc|ucncy   tlie 
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measurements  were  difficult  to  obtain  with  accurac}'  because  of  the  variations 
of  illumination  produced  on  the  photometer  screen  by  the  slow  rotating  speed 
of  the  disc. 

In  the  above  table  the  angle  appears  to  increase  when  the  frequency  de- 
creases, but  this  result  is  doubtless  due  to  experimental  error. 

J'ariafioit  of  caiid!c-poi<.'cr  zviih  frequency. 

We  have  plotted  on  the  abscissa  lengths  proportioned  to  the  frequency 
and  on  tlie  ordinate  values  proportioned  to  the  luminous  intensities,  maxi- 
mum and  minimum.  (See  Fig.  4.)  Table  i  gives  us  the  values  of  maximum 
and  minimum  luminous  intensities,  at  frequencies  of  30,  42  and  55. 

From  Fig.  4  it  may  be  seen  : 

1.  That  the  two  curves  of  luminous  intensity,  maximum  and  minimum, 
tend  to  meet  towards  the  infinite  frequency. 

2.  That  the  absolute  variation  of  luminous  intensity  varies  rapidly  at 
low  frequencies  and  very  little  alDOve  50  periods. 

3.  The  maximum  variation  of  luminous  intensity  increases  more  rapidly 
than  the  minimum. 

4.  The  curve  representing  the  variation  of  luminous  intensity  of  the 
lamp  has  for  asymptote  the  axis  of  frequency. 

Influence  of  the  mass  of  the  tilaniott  upon  the  variations  of  liDninous  in- 
tensity of  a  lamp  at  incandescence  in  one  period. 

The  energy  dissipated  in  heat  and  light  by  the  filament  of  a  lamp  at  in- 
candescence is  proportioned  to  its  radiating  surface,  the  temperature  and 
emittivc  power  of  the  filament  remaining  constant.  At  a  constant  temper- 
ature its  calorific  capacity  is  proportional  to  its  mass.     The  energy  dissipated 
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liy  the  filament  of  an  incandescent  lamp  of  constant  length  increases  with 
the  radius,  while  the  cahirific  capacity  increases  witli  the  square  of  tlic  radius. 
If  for  the  same  power  dissipated  the  radius  of  tlie  filament  is  increased,  re- 
sults obtained  with  low  voltage  lamps,  the  relative  variations  of  power  fur- 
nished to  the  filament  din-ing  half  a  period,  is  less  tlian  the  total  energy 
stored  in  tlic  Idanient  and  as  a  consequence  variations  in  luminous  intensity. 
I  he  following  table  gives  the  vari.itions  determined  on   several   lamps  nt 
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a  difference  of  potential  of  the  suppl}-  and  filatnents  of  different  masses,  at  a 
frequency  of  42. 

TABLE  IV. 

Lamp  Numbers i  2  3  4 

Difference   of  effective   potential    no  110  27  20 

Mean  luminous  intensity,  alternating  current    ...  15.6  13.7  15.4  52.5 

Watts  per  candle    2.9  4.2  3  2.1 

Luminous   intensity,   maximum    16.9  15  16.  i  54 

Luminous    intensity,    minimum      14.1  12.85  14.3  50 

Variation,    absolute    2.8  2.15         1.8  4 

Variation,   relative,   per   100    18  16  11.7  7.^ 

Angle  between  the  maximum    45  40  45  45 

Angle  between  the  minimum   50  50  52  60 

We  have  deduced  from  the  curves  of  Fig.  4  the  variations  of  luminous 
intensity,  of  lamps  2  and  3  at  a  frequency  of  20  periods. 

Lamp    Numbers    2  3  4 

Absolute  variation  of  luminous  intensity   3.9  3.5  7.3 

Relative  variation  per  100  28.5  22.5  13.9 

The  variation  of  luminous  intensity  at  the  same  frequency  diminished 
when  the  difference  of  potential  diminishes,  or  when  the  mass  of  the  fila- 
ment increases ;  we  suppose  the  difference  of  potential  is  a  function  of  each 
and  corresponds  to  about  the  same  number  of  watts  per  candle,  the  luminous 
intensity  being  measured  in  a  plane  perpendicular  to  that  of  the  filament. 

The  angle  between  the  maximum  and  minimum  of  luminous  intensity 
and  the  maximum  and  minimum  of  potential  difference  varies  very  little 
with  the  mass  of  the  filament. 

Influence  of  tlie  wave  form  of  tlic  c.ni.f-  on  the  absolute  variation  of  the 
luminous  intensity  of  an  incandescent  lamp. 

In  the  preceding  paragraphs  we  have  considered  the  potential  curve  as 
almost  simusoidal.  If  the  potential  wave  form  was  rectangular  there  would 
be  no  variation  in  the  illumination  of  the  incandescent  lamp  for  whatever 
frequency  employed. 

If  the  potential  curves  of  the  supply  has  the  form  of  a  trapezium,  of  a 
sinusoid  or  of  a  triangle,  the  variations  of  luminous  intensity  increase  at  a 
constant  frequency  and  the  maximum  will  be  for  the  triangular  wave  shape. 

One  might  say  that  the  absolute  variation,  during  a  period,  of  luminous 
intensity  of  a  lamp  at  incandescence  increases  with  the  ratio  of  the  maximum 
potential  to  the  effective  potential. 


LIGHTING  ON  2^  CYCLES  IN  BUFFALO 

H.  B.  ALVERSON 
Superintendent,  The  Cataract  Power  and  Conduit  Company,  Buffalo,  N,  Y. 

THE  use  of  25  cycle  current  for  lighting  purposes  in  Buffalo 
dates  from  the  autumn  of  1897,  when  alternating  current 
of  that  frequency  transmitted  from  Niagara  Falls  was 
offered  for  general  commercial  power  purposes.  The  electric 
power  transmitted  for  a  year  previous  to  that  date  had  been  used 
only  for  street  railway  supply,  being  transformed  for  that  purpose 
then  as  it  is  to-day  to  direct  current  by  means  of  rotary  converters. 
The  use  of  25  cycle  current  in  lighting  has  kept  pace  with 
the  installation  of  the  electric  motor  drive  in  the  various  industrial 
plants,  and  but  six  of  these  have  found  it  desirable  to  transform, 
to  direct  current  and  make  use  of  arc  lights.  Not  one,  save  the 
local  lighting  company,  which  furnishes  the  house,  store  and  public 
street  lighting  of  the  city,  has  found  it  necessary  to  transform  to 
some  other  frequency,  and  that  one  has  done  so  in  most  cases  be- 
cause of  conditions  previously  existing. 

Incandescent  lamps  naturally  form  the  bulk  of  the  lighting, 
and  it  is  customary  to  use  them  on  circuits  taken  directly  from  the 
power  transformers  whenever  power  service  is  installed,  although 
a  trifle  better  result  in  the  matter  of  regulation  is  obtained  when 
separate  lighting  transformers  are  maintained.  This  applies  more 
particularly  to  the  case  of  overloaded  power  transformers  on  in- 
ductive load.  On  but  one  circuit  in  the  entire  city  is  a  voltage 
regulator  used,  and  that  is  a  power  circuit  which  is  very  heavily 
loaded  at  certain  times. 

Much  has  been  written  and  discussed  as  to  the  llickeruig  of 
incandescent  laniiis  (Mi  a  frecfuency  of  25  cycles.  Tt  is  an  extremcly 
difficult  matter  to  detect  any  variation  of  light  on  the  Buffalo  cir- 
cuits due  to  that  cause.  The  excellent  Niagara  wave  form  or  the 
fact  that  it  has  passed  through  four  sets  of  transformers  between 
the  generator  at  Niagara  and  the  consumers'  lamps  in  Buffalo 
may  have  something  to  (\o  with  it.  although  the  writer  is  unable 
to  detect  any  difference  at  the  two  places.  Much  of  the  discussion 
of  this  feature  of  the  25  cycle  lighting  has  arisen  from  other  causes 
than  the  periodicity;  such  as  the  testing  of  small  units  not  de- 
signed for  the  inirpose  (Iriycn  by  prime  movers  of  \>oc\y  regulation. 
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belt  slippage,  low  voltage  of  lamps  under  test  and  mechanical  vi- 
bration of  lamp  filaments.  The  mechanical  vibration  of  lamp  fila- 
ments on  25  cycles  is  a  trifle  more  prevalent  than  on  a  higher 
periodicity  and  is  usually  mistaken  as  a  slight  variation  due  to  the 
frequency.  This  mechanical  vibration  is  present  in  but  a  com- 
parative!}' small  proportion  of  the  lamps,  and  may  be  removed  by 
any  one  of  a  number  of  means — such  as  by  altering  the  position 
of  the  lamp  in  the  socket  so  as  to  change  the  plane  of  the  filament, 
by  substituting  another  lamp  of  the  same  wattage  having  a  stififer 
filament,  by  replacing  with  a  lamp  of  greater  watts  per  candle,  or 
by  changing  to  an  anchored  filament  lamp. 

That  any  variation  in  25  cycle  lighting  here  is  difficult  to  de- 
tect is  evidenced  by  the  following  incident :  We  were  favored  with 
a  call  several  years  ago  by  the  superintendent  of  the  lighting  com- 
pany of  a  city  of  about  the  same  size  as  Buffalo,  who  was  inter- 
ested in  the  subject  of  this  article.  On  the  way  to  witnesss  this 
lighting  he  stated  in  a  very  non-egotistical  manner  that  he  prided 
himself  on  his  ability  to  distinguish  the  nature  of  the  current, 
direct  or  alternating,  on  which  a  lamp  might  be  installed.  He 
was  asked  at  what  hotel  he  was  lodging,  and  on  replying  was  in- 
formed, to  his  amazement,  that  the  entire  lighting  of  that  place 
where  he  had  been  for  two  days,  was  served  by  a  25  cycle  circuit. 

On  the  circuits  of  power  customers  the  lamps  are  largely  four 
watts  per  candle,  for  the  reason  that  they  were  advised  to  so  pur- 
chase, with  the  idea  that  these  lamps  would  give  better  satisfac- 
tion under  possible  voltage  variations.  Where  lights  are  on  sepa- 
rate circuits,  such  as  those  of  the  local  lighting  company,  three 
and  one-half  watt  lamps  are  used,  and  give  as  good  service  as  on 
a  higher  frequency.  Lamps  worked  under  normal  voltage  show 
a  true  flickering  due  to  frequency,  but  when  this  does  occur,  the 
illumination  would  be  equally  poor  with  the  same  conditions  at 
a  higher  frequency.  Lamps  are  used  on  any  voltage  from  90  to 
250,  and  no  difiference  due  to  the  frequency  can  be  detected.  About 
one-third  of  the  lights  are  on  voltages  of  200  and  upward.  Met- 
allized filament  lamps  work  as  well  on  this  frequency  as  do  the 
other  incandescent  lamps.  No  exact  life  or  efficiency  measurements 
have  ever  been  made  here  on  incandescent  lamps  of  various  volt- 
ages and  wattages  wath  a  view  to  finding  out  the  most  economical 
lamp,  but  our  best  judgment  would  indicate  that  within  the  limits 
above  mentioned  as  to  consumption  of  current  and  voltage,  their 
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performance  is  not  far  different  from  lamps  on  more  common 
frequencies. 

The  use  of  automatic  arc  lamps  on  25  cycles  up  to  date  has 
proven  a  failure  except  in  an  extremely  narrow  application,  which 
has  never  been  used  in  Bufifalo.  This  is  due  to  the  flickering  re- 
sultant upon  the  alternate  heating  and  cooling  of  the  arc.  This 
seems  to  be  the  one  application  where  25  cycle  current  falls  down. 
Hand  feed  arc  lamps  operate  finely  and  are  used  in  a  half  dozen 
schools  for  lantern  projection  purposes.  Of  the  six  customers 
previously  mentioned  who  transform  25  cycle  current  to  direct 
current  for  use  in  arc  lamps,  all  operate  foiuidries  s.nd  use  them  solely 
about  the  works,  while  using  the  25  cycle  lamps  about  their  offices. 
Three  of  these  foundries,  operating  95  per  cent,  of  the  arcs,  used 
them  previously  to  the  substitution  of  25  cycle  current  for  steam 
power.  T'he  use  of  arc  lamps  in  connection  with  the  mercun- 
vapor  rectifier  seems  to  offer  a  solution  of  this  question,  although 
this  has  never  been  tried  in  Buffalo.  The  mercury  rectifier  on  25 
cycles  is  used  with  absolutely  satisfactory  results  on  battery 
charging,  although  as  a  light  only,  its  flickering  is  similar  to  that 
of  the  carbon  arc. 

It  was  hoped  that  Nernst  lamps  would  take  the  place  of  arcs 
on  25  cycles,  but  to  date  they  have  not  proved  to  be  as  efficient 
and  reliable  as  on  60  cycles.  However  there  is  one  large  fi>iuidry 
operating  48  6-glower,  80  3-glower  and  24  i -glower  Nernst  lights 
with  resulitsi  that  compare  with  arc  lighting,  principally  due  to  the 
fact  that  careful  and  intelligent  attention  is  given  to  them.  One 
of  the  conditions  where  this  form  of  light  has  been  found  espe- 
cially applicable  is  in  the  illumination  of  the  beautiful  Albright 
Art  Gallery.  A  majority  of  the  pictures  viewed  by  it  look  nuich 
more  natural  than  by  cloudy  daylight,  and  the  result  produced  ap- 
proaches a  sunlight  effect. 

There  are  at  present  in  I'.uffalo  over  50000  i6-c.  p.  equivalents 
connected  on  25  cycle  circuits.  About  one-half  of  these  are  on 
the  power  circuits  of  The  Cataract  Power  c^'  Conduit  Company, 
with  over  3000  t6-c.  p.  equivalents  in  Nernst  lights,  while  the  bal- 
ance arc  on  the  circuits  of  the  Buffalo  General  h'leclric  Company, 
a  customer  of  the  former.  The  circuits  of  the  lighting  companv 
have  no  voltage  regulation  on  them,  and  run  in  the  principal  resi- 
dence district  of  the  city.  Among  its  cutomers  are  three  of  the 
leading  clubs,  two  of  the  large  hotels,  a  reference  library,  the  be- 


234  THE  ELECTRIC  JOURNAL 

fore-mentioned  art  gallery,  the  74th  Reg'iment  /Vrmory  and  numer- 
ous stores. 

A  comparisfjii  between  25  cycle  and  60  cycle  distribution  works 
out  about  as  follows:  (iiven  the  case  of  an  1 1  000  volt  25  cycle 
supply  available,  what  would  be  the  most  economical  investment 
for  a  central  station  to  distribute  to  its  customers?.  If  the  dis- 
tributing- circuits  arc  to  be  at  2  200  volts,  there  is  necessary  in  the 
25  cycle  case,  step-down  transformers  only  at  the  sub-station, 
while  in  the  60  cycle  case  a  motor-s^cnerator  outfit  is  necessary  in 
addition.  I' or  our  present  discussion  v-^e  will  omit  the  extra  value 
of  floor  space,  1.lie  higher  class  of  attendance,  extra  switchboard, 
extra  maintainance  and  liability  to  trouble  in  favor  of  the  25  cycle 
outfit.  On  the  outside  circuit  at  the  customers'  we  will  assume 
that  there  is  a  transformer  capacity  in  both  cases  equal  to  the 
generating-  capacity  in  the  substation.  The  difiference  in  invest- 
ment will  then  be  as  ten  to  six  in  favor  of  the  25  cycle  circuit. 
Should  the  transformer  capacity  on  the  outside  circuit  be  double 
the  generator  or  transformer  capacity  in  the  substation,  the  in- 
vestment will  be  as  ten  to  eight  again  in  favor  of  the  lower  fre- 
quency. The  approaching  towards  equality  of  investment  being- 
due  to  the  greater  cost  of  the  25  cycle  transformers  over  60  cycles 
in  the  small  sizes  of  one  kw,  two  kw  and  three  kw,  which  have 
been  used  in  comparison,  the  difference  in  cost  in  favor  of  the 
60  cycle  being  about  20  per  cent.,  though  this  does  not  hold  in  the 
larger  sizes  of  transformers. 

Naturally,  25  cycle  lighting  is  used  at  Niagara  Falls  by  all 
the  power  customers  of  the  Niagara  Falls  Power  Company,  in- 
cluding the  village  of  Echota.  The  local  lighting  company  at 
Niagara  Falls  uses  25  cycle  lighting  extensively,  and  reports  that 
their  customers  were  unaware  of  the  change  from  125  cycles  to  25. 

The  Manhattan  division  of  the  Interborough  Railway  Com- 
pany in  New  York  uses  about  30000  i6-c.  p.  equivalents  in  the 
lighting  of  shops  and  stations,  all  on  25  cycles. 

The  entire  illumination  of  the  Pan  American  Exposition  was 
done  at  25  cycles,  about  200000  8-c.  p.  equivalents  being  so  used. 

Summming  up,  25  cycle  illumination  in  P)uft'alo  has  proved 
equal  in  value  to  any  other  form  of  electric  illumination,  save  that 
of  its  use  for  arc  lights,  and  in  the  latter  case  the  difficulty  has 
been  easilv  met. 


VARNISHED  CLOTH  CABLES  FOR  POWER  HOUSES 
AND   DISTRIBUTING  STATIONS 

HENRY  W.  FISHER 
Chief  Engineer,  Standard  Underground  Cable  Company 

IN  many  ways  varnished  cloth  cables  are  especially  suitable  for 
high  voltage  service  in  power  houses.  There  is,  however,  a 
great  difference  in  the  electrical  qualities  of  various  kinds  of 
insulating  varnishes  and  varnished  cloths  so  that,  for  high  voltages 
especially,  the  greatest  care  must  be  exercised  in  the  selection  of 
the  right  kind  of  varnished  cloth. 

Imperfect  or  unsuitable  material  becomes  warm  under  the  con- 
tinued application  of  a  voltage  over  fifty  per  cent,  of  the  maximum 
voltage  the  material  will  withstand  for  a  minute.  The  writer  has 
made  comparison  tests  between  cables  insulated  with  different  kinds 
of  varnished  cloth  and  having  the  same  thickness  of  material,  where 
some  cables  would  be  excessively  hot  and  others  almost  cool  to 
the  hand  at  the  end  of  one  or  two  hours  application  of  a  high 
voltage. 

After  much  experimenting  a  special  black  material  was  found 
which  possessed  qualities  most  desirable  for  high  voltage  cables 
and  those  herein  mentioned  were  insulated  with  this  black  varnish- 
ed cloth  which  in  every  way  tested  was  superior  to  any  of  the 
yellow  varnished  cloths.  Many  of  the  yellow  varnishes  contain  lin- 
seed oil  which  seems  to  be  objectionable  in  the  insulation  of  cables 
for  high  voltages. 

Varnished  cloth  cables  with  flameproof  or  asbestos  braids  seem 
eminently  fitted  for  high  voltage  wiring  in  power  houses.  Such 
cables  placed  on  insulators  reduce  to  a  minimum  the  possibility  of 
fatal  shocks  to  a  workman  who  accidentally  touches  the  wires. 

A  prominent  electrical  engineer  recently  wrote  for  a  sample 
of  250000  circ.  mil.  cable  for  60000  volt  service  such  as  could 
be  placed  on  insulators  in  a  distributing  station.  It  was  expressly 
stated  that  sufficient  insulation  should  be  applied  so  that  there 
would  be  no  danger  of  loss  of  life  to  a  workman  who  accidentally 
touched  the  cables  when  in  service.  An  insulation  of  twelve-thirty- 
seconds  of  an  inch  of  varnished  cloth  with  flameproof  or  asbestos 
braids  was  rccommonded.  Samples  of  both  kinds  of  cables  were 
submitted  for  tests.  They  were  first  placed  on  insulators  and  test- 
ed with  a  gradually  increasing  voltage  until  the  e.m.f.  was  90000 
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v<ilts  when  llicrc  was  a  sliijht  iiidicatitJii  of  static  discharges  around 
the  insulators.  At  60000  volts  there  was  no  perceptible  noise  nor 
visible  sign  of  static  discharges  around  the  insulators.  iMuallv, 
two  or  three  feet  of  the  samples  were  submerged  in  water  and  a 
test  was  made  between  the  conductors  and  water.  The  applied 
voltage  was  graduall\-  increased  until  the  insulation  broke  down, 
which  occurred  between  115  000  and  118  000  volts.  These  tests 
were  very  satisfactory  to  the  electrical  engineer  and  accordingly 
cables  similar  to  the  sample  having  the  asbestos  braid  were  in- 
stalled. 

Varnished  cloth  cables  wdiich  have  to  be  laid  in  damp  ducts 
should  be  supplied  with  a  lead  cover ;  hence,,  for  outdoor  conduit 
work,  they  are  no  better  than  paper  insulated  cables.  It  is  question- 
able whether  non-leaded  varnished  cloth  cables  for  high  voltages 
should  be  laid  in  ducts  underneath  the  floors  of  power  houses.  If 
the  braids  become  very  damp,  there  would  be  a  tendency  for  the 
charging  current  to  flow  along  the  braid  of  one  conductor  to  the 
point  of  least  resistance  and  thence  to  the  other  conductor.  This 
might  cause  the  cables  to  become  very  warm  in  spots  and  eventually 
burn  out.  For  similar  reasons,  under  certain  conditions,  there 
might  be  danger  of  a  severe  shock  to  a  person  touching  one  of 
the  cables. 

It  is  not  advisable  to  subject  varnished  cloth  cables  to  one-half 
hour  time  tests  of  voltages  over  one-half  the  puncture  test  voltage 
of  the  cables.  They  can,  however,  be  subjected  to  one  minute 
voltage  tests  of  three-fourths  the  puncture  test  voltage. 

Looking  at  this  from  another  standpoint,  it  may  be  stated  that 
a  well  designed  varnished  cloth  cable  can  be  subjected  to  a  one- 
half  hour  test  of  double  the  working  voltage  and  to  an  instantane- 
ous voltage  test  of  three  times  the  working  voltage.  Varnished 
cloth  cables  seem  to  have  the  property  of  withstanding  compara- 
tively high  instantaneous  rises  of  voltage  such  as  occur  at  the  time 
of  surges,  and  hence  there  is  no  necessity  of  subjecting  them  to 
prolonged  tests  of  two  and  one-half  or  three  times  the  working 
voltage,  which  would  have  a  tendency  to  overheat  the  insulation. 
Cables  made  with  proper  varnished  cloth  do  not  become  warm  from 
dielectric  losses  when  tested  with  the  normal  working  voltage  con- 
tinuouslv. 


EFFECT  OF  STEAM   AND  SMOKE  ON  STRIKING 

DISTANCE 

S.  M.  KINTNER 

IT  has  been  suggested  that  where  high  voltage  trolley  wires 
are  placed  over  the  tracks  of  railroads  using  steam  locomo- 
tives, and  particularly  at  such  places  as  tunnels  and  points 
where  the  trolley  lowers  under  bridges,  there  might  be  electrical 
discharges  from  the  trollev  to  the  locomotives  and  ground  through 


the  steam  and  smoke  of  passing  loci)motives.  To  ileterminc  the 
likcliluxxl  oi  such  an  occurrence  the  following  tests  were  pUuuicil 
and  carried  out  : 

I'wo  Urminals  wore  placed,  one  above  the  other,  and 
arranged  so  tliat  the  s]iace  between  them  forming  the  discharge 
ga]i  could  be  \aried  at  will.  The  terminals  wore  one-half  inch 
in   dianioler  with  splierical  ends  and  were  so  mounted   that  jets 


238 


THE  ELECTRIC  JOURNAL 


of  steam  and  smoke  could  be  projected  around  the  terminals  in 
a  direction  parallel  to  their  axis  of  support.  The  arrangement 
of  the  terminals  with  relation  to  the  steam  can  be  seen  in  Fig.  i.  In 
the  first  test  a  column  of  steam  was  projected  across  the  gap  as 
shown.     The  steam  was  purposely  made  very  moist  by  passing 
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it  through  a  long  line  of  pipe  so  that  it  lost  a  large  quantity  of 
heat  before  arriving  at  the  gap. 

The  results  of  this  test  are  shown  in  the  accompanying  curves, 
Fig.  2.  From  these  curves  it  can  be  seen  that  the  striking  distance 
is  greater  for  a  given  voltage  in  air  for  voltages  below  approximate- 
ly 55  GOO,  but  that  at  this  point  the  curves  cross  each  other  and  it 
requires  a  greater  voltage  to  jump  a  given  gap  in  steam  than  in 
dry  air.  The  jumping  distance  in  air  as  plotted  in  this  curve  was 
obtained  by  measurements  taken  at  the  time  the  curve  for  steam 
was  determined,  the  same  terminals  being  used,  and  the  points 
checked  several  times,  so  that  it  seems  certain  that  the  values  are 
relatively  correct.  During  the  test  with  steam,  the  terminals  were 
saturated  with  moisture,  and  water  dripping  off  them  freely.     No 
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perceptible  change  was  noted,  however,  when  the  steam  was  some- 
what drier. 

The  next  test  was  made  wdien  the  terminals  w^ere  immersed 
in  a  dense  volume  of  smoke.  This  smoke  was  produced  by 
building  an  intense  fire  in  a  small  stove.  After  a  very  good  bed 
of  coals  was  obtained,  some  fresh  coal  containing  more  or  less 
dirt,  sulphur,  etc.,  was  thrown  on  to  prevent  perfect  combustion  and 
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produce  large  quantities  of  very  dense  black  smoke,  l-'ig.  3.  shows 
the  arrangement  of  the  stove,  steam  line,  spark  gap,  etc.  It  was  in 
this  case  impossible  to  maintain  constant  conditions  long  enough 
to  run  a  curve  but  a  number  of  observations  were  taken,  which 
indicated  that  the  striking  distance  was  not  materially  reduced 
from  that  of  the  steam  or  air  in  the  previous  test.  One  set  of  the 
readings  is  given  in  the  following  table  on  the  next  page. 
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TABLE    OF    VOLTAGE-STRIKING    DISTANCES    IN    DENSE    SMOKE    AND    STEAM 

Voltage.  Distance  in  inches. 
14000  1.375 

25  000  2 

35  000  3 

42  000  3.75 

From  the  results  of  these  tests  it  seems  fair  to  conclude,  that 
with  a  reasonable  factor  of  safety  over  the  dielectric  strength  of 
air,  of  possibly  six  or  seven,  no  difficulty  will  be  encountered 
from  the  presence  in  the  air  of  steam  and  smoke. 


ROAD  EXPERIENCE 

F.  C.  VEHSLAGE 

SOMETIMES  a  short-circuit  will  occur  in  the  armature  of  a 
solid  frame  railway  motor  in  such  a  place  as  to  burn  the 
band  wires,  thus  allowing  the  coils  to  fly  out  and  occa- 
sionally wedging  the  armature  so  that  it  will  not  revolve  in  either  di- 
rection. 

In  my  experience  this  has  occurred  twice.  The  first  time  the 
car  was  near  a  siding,  and  it  was  possible  to  get  it  ofif  the  main  line 
by  sliding  the  locked  wheels,  thereby  causing  two  very  bad  flats. 
The  pinion  could  not  be  removed  because  it  was  too  close  to  the 
wheel.  The  gear  could  not  be  removed  because  the  wheel  would 
not  revolve.  So  it  was  necessary  to  carry  to  the  spot  a  new  motor 
and  such  tools  as  were  needed  and  put  in  the  new  motor  on  the  sid- 
ing. 

Some  time  later  the  same  trouble  occurred  with  another  motor 
at  a  spot  on  the  road  not  so  convenient  to  a  siding.  This  time  the 
bottom  gear-case  was  taken  ofif,  (the  top  gear-case  could  not  be 
removed  because  the  body  of  the  car  was  too  low),  the  axle  caps 
and  axle  bearings  removed,  and  then  by  the  use  of  a  five  by  five  inch 
timber,  eight  or  ten  feet  long  for  a  lever,  with  a  rail  for  a  fulcrum 
and  with  a  short  piece  of  wood  about  fifteen  inches  long  on  the  end 
of  the  lever  under  the  gear-case  arm  of  the  motor,  the  motor  was 
lifted  four  inches  above  the  axle,  and  a  four  by  four  inch  well 
greased  hardwood  block  was  put  in  between  the  motor  and  the 
axle.  This  allowed  the  pinion  to  clear  the  gear  by  one-half  an  inch, 
then  by  raising  the  top  gear  case  two  inches  and  securing  it  in  that 
position,  the  car  was  run  to  the  repair  shop.  With  two  men  equip- 
ped with  proper  socket  wrenches,  the  time  required  to  do  the  work 
after  arriving  at  the  scene  was  twenty  minutes. 
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The  variety  of  electrical,  mechanical,  operative, 
Electric  commercial  and  financial  considerations  which  en- 

Wagons  ter   into   a    single   enterprise,   likewise    the    wide 

chasm  which  lies  between  an  electrical  invention 
and  its  ultimate  utilization  are  clearly  illustrated  in  the  article 
dealing  with  the  electric  power  wagon  in  this  issue  of  the 
Journal.  The  vicissitudes  which  the  electric  automobile  has  en- 
countered in  adapting  itself  to  successful  commercial  operation 
are  set  forth  by  one  who  has  for  many  years  been  closely  connect- 
ed with  the  development  and  introduction  of  this  class  of  ap- 
paratus. 

Mr.  Eames  points  out  several  of  the  reasons  why  failure  has 
followed  some  of  the  cases  where  electrical  operation  by  local 
transportation  companies  has  been  tried.  It  will  be  noted  that 
usually  the  causes  have  not  been  fundamental,  but  have  been 
susceptible  to  ready  remedy.  It  is  not  unreasonable  to  suppose 
that  a  storage  battery  should  receive  a  supervision  and  care  which 
is  at  least  as  intelligent  and  as  familiar  with  its  characteristics 
and  needs  as  is  the  care  which  is  given  to  horses,  although  if 
horses  received  no  better  care  than  certain  batteries  they  would 
live  no  longer  than  the  batteries. 

The  principal  introduction  of  the  automobile  has  been  for 
pleasure  purposes.  Its  introduction  for  commercial  purposes, 
either  for  light  delivery  wagons  or  for  heavy  trucks,  naturally 
meets  with  greater  conservatism  and  closer  inspection  of  custs. 
There  are,  however,  many  economic  advantages  in  the  use  of 
mechanical  over  horse-power  which  are  sure  to  win  out.  The 
greater  carrying  capacity  and  quicker  delivery,  accompanied  by 
reduced  running  expenses,  all  insure  the  ultimate  general  adop- 
tion of  this  new  method.  When  bigger  loads  can  be  carried  far- 
ther and  faster  by  means  of  motor-trucks  than  by  the  most  power- 
ful teams,  it  means  that  the  horse-truck,  as  well  as  the  horse-car, 
has  seen  its  best  days. 
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An  ini])()rlaiU  feature-  of  electric  \eliicle  dexelopment  lies 
in  its  relation  to  the  central  station.  One  of  the  foremost 
problems  in  central  station  management  is  the  development  of  a 
market  for  power  at  the  times  of  ordinarily  light  load.  The  ad- 
ditional cost  to  a  central  station  for  producing  power  after  the 
peak  load  of  the  evening  until  morning  and  usually  until  the  fol- 
lowing evening  is  relatively  small.  The  charging  of  vehicle  bat- 
teries during  these  hours  appears  to  be  a  most  promising  means 
for  increasing  the  load  factor  and  the  dividends  of  ordinary  central 
stations.  Chas.  F.  Scott 


We  often  hear  of  accidents  that  occur  to  the  opera- 
Accidents  in    tors  or  apparatus  in  central  stations. 
Power  House  We  are  naturally  more  or  less  interested  in  knowing 
Operation      the  cause  or  reason  for  these  accidents.     Investiga- 
tion has  shown  that  about  ninety  per  cent,  of  the 
accidents  are  caused  by  carelessness  on  the  part  of  the  operator  or 
an  assistant.     Many  ingenious  devices  have  been  designed  to  over- 
come carelessness  on  the  part  of  operators,  such  as  interlocks,  tell- 
tales, and  so   forth. 

It  is  the  intention  of  the  designing  engineer  to  make  power 
house  apparatus  as  fool-proof  as  possible.  Yet  with  as  many  safe- 
guards as  can  be  thought  of  operators  sooner  or  later  become  care- 
less and  accidents  are  generally  the  result,  often  causing  severe 
strains  to  be  thrown  on  apparatus,  which  sometimes  lead  to  serious 
trouble. 

In  a  certain  power  house  the  generators  were  connected  to  water 
wheels,  and  in  order  to  bring  the  generators  to  a  stop  it  was  the 
custom  of  the  operator  to  short-circuit  the  terminals  by  means  of  a 
piece  of  cable  after  the  water  valves  had  been  closed.  This  was 
done  because  the  valves  leaked  enough  to  keep  the  water  wheels 
turning,  but  after  being  brought  to  a  stop  the  leakage  pressure  was 
not  enough  to  start  them.  The  operator  in  this  instance,  through 
carelessness  or  forgetfulness,  short-circuited  a  unit  that  was  running 
at  full  voltage,  and  which  was  "cut  in"  on  the  bus  bars.  This  un- 
happily resulted  in  the  loss  of  the  attendant's  life  as  well  as  causing 
a  considerable  amount  of  damage  to  the  electrical  apparatus  through- 
out the  station. 

There  have  also  been  a  number  of  cases  in  which  trouble  has 
resulted  because  the  operator  took  some  one's  word  that  things  were 
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all  right.  This  is  a  bad  policy,  and  if  possible  everything  should  be 
checked  over  when  any  undertaking  is  in  hand.  When  new  appa- 
ratus is  installed  and  is  about  to  be  started  those  who  have  been 
assisting  in  the  work  will  often  state  positively  that  all  connections 
have  been  properly  made.  In  many  cases  this  has  proven  to  be  in- 
correct and  the  result  in  some  instances  has  been  loss  of  time  and 
suspension  of  service  together  with  a  severe  strain  on  the  apparatus. 

Lack  of  technical  knowledge  has  been  a  considerable  drawback 
to  many  operators.  Operators  who  have  started  in  as  oilers  and 
have  then  been  promoted  to  electrical  attendants  have  been  taught 
and  have  also  learned  by  observation  that  by  closing  certain  switches 
they  could  obtain  certain  results.  As  long  as  everything  runs 
smoothly  such  men  are  very  satisfactory  attendants.  But  if  some- 
thing out  of  the  usual  takes  place  they  are  in  most  cases  helpless 
and  often  cause  additional  trouble  by  mistakes  they  make  while  at- 
tempting to  correct  trouble. 

There  was  one  case  in  which  the  installation  of  some  250  kw, 
60  cycle  generators  direct-connected  to  water  wheels  was  left  to  a 
man  who  claimed  that  he  was  well  versed  in  this  class  of  work.  The 
machines  were  stored  in  the  power  house  and  subjected  to  more  or 
less  moisture.  After  being  erected  and  started  up  they  could  appar- 
ently be  raised  to  only  half  voltage.  A  load  was  thrown  on,  however, 
and  an  attempt  made  to  raise  the  voltage  by  speeding  up  the  water 
wheel.  Then  the  insulation  broke  down  between  phases,  resulting 
in  the  burning  out  of  one-third  of  the  winding. 

The  second  machine  was  put  through  the  same  operation,  and 
the  instrument  transformer  burned  out.  This  put  an  end  to  the 
experiments  until  the  company  manufacturing  the  apparatus  could 
be  communicated  with.  Investigation  showed  that  the  transformer 
voltmeter  was  connected  up  for  the  wrong  ratio  and  the  voltmeter 
was  reading  only  one-half  of  the  true  voltage  of  the  generator. 

An  amusing  incident  which  will  illustrate  the  lack  of  knowledge 
on  the  part  of  an  operator,  and  also  give  an  idea  of  the  class  of  men 
sometimes  found  handling  electrical  apparatus,  occurred  a  short  time 
ago.  Several  sub-stations  containing  oil-cooled  transformers  were 
installed  in  connection  with  a  high  tension  transmission  line.  One  of 
the  operators  who  had  just  been  placed  in  charge  of  one  of  these  sub- 
stations called  up  the  erecting  engineer  and  requested  that  he  come 
at  once  to  the  sub-station  and  remove  some  frogs  that  had  gotten 
into  the  transformers.  Upon  being  asked  how  he  knew  there  were 
frogs  in  the  transformers,  he  innocently  replied  that  anybody  who 
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knew  anything:  at  all  could  tell  by  the  bubbles  coming  to  the  surface 
of  the  oil. 

Such  are  the  men  to  whose  tender  mercies  power  house  appa- 
ratus is  sometimes  intrusted.  But  it  is  through  carelessness  rather 
than  ignorance  that  troubles  usually  come.  Intelligent  care  and 
common  sense  are  the  elements  most  needed  in  the  -handling  of  elec- 
trical machinery.  H.  Gilliam 


"/  have  all  my  life  been  innocent  of  any  other  system 
than  that  of  doing  tvith  all  my  might  ivhatever  task  is  given 
me  to  do.  When  I  have  made  plans,  they  Jiave  nsiially  been 
set  to  one  side,  and  I  have  been  set  to  other  tasks.  I  have 
not  sufficient  confidence  either  in  my  own  judgment  or  in 
my  capacity  to  foresee  the  circumstances  of  future  years. 
In  a  general  sort  of  a  ivay  I  have  a  notion  that  the  line  of 
actio)i  lies  in  a  certain  direction,  and  I  ivork  ivith  my  face 
turned  thitherzvard.  But  at  any  moment  I  may  be  har- 
nessed to  a  task  which  I  did  not  foresee,  tvhich  if  I  had 
foreseen  I  zvould  have  tried  to  evade,  but  zvhich,  neverthe- 
less, was  obz'iously  the  o}ily  thing  to  be  done  zvhen  the  time 
came." 

W.  T.  Stead,  "the  most  famous  editor  in  the  world,  a  publicist 
with  perhaps  greater  influence  than  any  other  private  individual, 
an  organizer  of  world-wide  movements,  a  man  who  gets  results," 
uses  these  words  in  a  significant  article  entitled  "My  System:  Get 
The  Thing  Done,"  in  System  for  April,  1906. 

The  electrical  engineer  cannot  foresee  the  circum- 

Apprentice-     stances  of  future  years,  nor  block  out  a  definite  ca- 

ship  as    an     reer   for  himself.     The  changes  which  are  taking 

Investment     place  so  constantly  in  the  electrical  field  are  contiii- 

for  the  uously  imposing  new  duties  upon  the  men  engaged 

Future         hi  electrical  afifairs.     The  increasing  applications  of 

electricity,  the  improved  methods,  the  new  objects 

to  be  obtained,  and  the  larger  and  larger  scale  upon  which  electrical 

enterprises  are  projected  and  carried  out  have  made  a  history  of 

continuous  development  in  the  past,  which  shows  no  indication  of 

abating  in  the  future. 

To  be  up-to-date,  men  must  be  prepared  to  do  things  which 
are  different  from   what  they  have  done  before,  and  often  to  do 
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things  which  have  never  been  done  before.  Hence,  the  young 
man  who  is  preparing  himself  for  an  electrical  career  is  wise  if  he 
lays  a  broad  foundation.  His  theoretical  training  is  narrow  if  it 
acquaints  him  only  with  a  few  facts  and  laws,  and  the  construction 
and  operation  of  a  few  types  of  apparatus.  It  is  narrow  if  it  deals 
only  with  purely  theoretical  and  purely  electrical  subjects.  The 
true  purpose  of  an  education  is  development ;  it  is  to  equip  a  man 
with  the  ability  to  do  things  and  to  train  him  in  using  himself. 

The  value  to  a  college  graduate  of  a  subsequent  practical  train- 
ing and  experience  is  likewise  generally  recognized.  The  appren- 
ticeship courses,  which  large  manufacturing  companies  offer,  give 
an  excellent  opportunity  for  obtaining  such  experience.  One  of 
the  strongest  arguments  for  the  value  of  such  training  is  the  fact 
that  such  courses  have  been  established.  These  companies  have 
found  that  this  is  the  best  means  of  producing  good  men.  There  is 
nothing  sentimental  about  these  apprenticeship  courses.  They  would 
never  have  been  established  if  the  companies  had  found  that  the  men 
who  came  to  them  from  the  colleges  could  take  up  their  work  ad- 
vantageously without  this  experience. 

The  apprenticeship  course,  however,  has  a  broader  significance 
to  the  young  man  than  the  mere  preparation  for  an  immediate  posi- 
tion. It  affords  opportunity  for  acquiring  an  intimate  knowledge 
of  many  of  the  fundamentals  in  electrical  work,  which  give  a  broad 
foundation  for  the  future.  What  the  future  may  have  in  store  for 
the  designer,  for  the  commercial  engineer,  for  the  consulting  en- 
gineer, for  the  station  superintendent,  or  for  the  manager  of  elec- 
trical properties  cannot  be  foreseen,  nor  can  a  young  man  surelv 
determine  in  what  succession  of  relationships  his  future  career  may 
lie.  Hence  the  importance  of  a  training  and  experience  which  will 
be  a  useful  basis  in  almost  any  kind  of  work  upon  which  he  mav 
enter.  It  is  his  capital ;  it  may  be  used  in  many  ways :  it  may  bring 
large  returns.  Chas.  F.  Scott 


The  new  graphic  recording  meter,  described  and 
Graphic  illustrated  in   this  issue,  covers  broadly  a   com- 

Recordin£^       plete   line   of  direct-current   and   alternating-cur- 
Meters  rent  meters,  all  operating  in  a  novel  manner. 

The  great  drawbacks  to  most  of  the  graphic 
meters  heretofore  designed  have  been  : 

I.     The  attention  required  every  day  in  winding  the  clock, 
changing  the  paper  or  filling  the  pen. 


246  THE  ELECTRIC  JOURNAL 

2.  An  appreciable  difference  in  the  readings  occasioned  by 
the  friction  of  the  pen. 

3.  The  increased  power  necessary  to  reduce  the  effect  of 
friction.  This  power  in  the  alternating-current  meters  is  drawn 
from  the  series  or  voltage  transformers,  and  thus  causes  inac- 
curacy or  necessitates  larger  or  more  expensive  transformers:  in 
bolii  alternating-current  and  direct-current  meters  the  operating 
coils  had  to  be  designed  to  give  high  torque  rather  than  high  ac- 
curacy. 

4.  There  were  no  means  of  varying  the  sensitiveness  and 
speed  of  the  pen  motion  in  following  variations. 

The  aim  has  been  to  produce  an  instrument  which  could  re- 
main in  circuit  and  keep  an  accurate  record  for  a  considerable 
time  without  attention  and  to  overcome  the  short  comings  of  pre- 
vious types.  The  "relay"  principle  was  adopted  as  offering  the 
best  solution  of  the  problem.  According  to  this  arrangement 
the  "meter  element"  merely  operates  a  set  of  contacts  and  thus 
the  torque  and  the  energy  consumed  in  these  coils  need  not  be 
greater  than  in  an  indicating  meter,  and  thus  these  instruments 
can  be  connected  to  series  or  shunt  transformers  already  installed 
for  other  instruments  without  impairing  the  accuracy. 

By  means  of  an  auxiliary  circuit  other  than  that  of  the  sec- 
ondary of  the  current  or  voltage  transformers,  the  contacts  oper- 
ate a  pair  of  solenoids  connected  to  a  parallel  motion  mechanism 
which  moves  the  pen.  This  auxiliary  current  is  preferably  a 
no  volt  direct-current  circuit,  although  good  results  may  be  ob- 
tained from  other  auxiliary  circuits  if  this  is  not  available.  This 
circuit,  not  being  derived  from  the  meter  transformers,  may  be  of 
sufficient  power  to  overcome  all  friction.  The  contacts  and  their 
circuits  are  so  designed  that  sparking  at  the  contacts  is  entirely 
obviated. 

A  new  form  of  glass  pen  has  been  designed,  in  which  the  ink 
is  fed  into  the  marking  point  from  a  reservoir  in  which  the  ink  is 
maintained  by  atmospheric  pressure. 

In  modern  operation  there  should  be  the  same  grade  of  ex- 
cellence in  graphic  meters  as  has  recently  obtained  in  indicating 
and  integrating  instruments ;  this  is  now  secured  by  the  use  of 
the  "relay"  principle.  Paul  IMacGahan 
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CALCULATION  OF  SPEED-TIME  AND  POWER  CURVES* 
F.  E.  WYNNE 

IN  the  selection  of  a  motor  for  a  given  service  there  are  a  num- 
ber of  things  to  be  considered.  It  is  of  primary  importance 
that  a  motor  should  be  chosen  which  is  capable  of  giving  the 
required  service  without  becoming  overheated.  The  amount  of 
heating  in  service  is  determined  by  the  square  root  of  the  mean 
square  motor  current  and  the  average  voltage  on  the  motor.  Again, 
the  motor  should  be  able  to  make  the  desired  schedule  speed  safe- 
ly and  in  addition  it  should  have  a  reasonable  margin  in  capacity 
and  speed  for  making  up  lost  time.  At  the  same  time,  the  maxi- 
mum attainable  speed  should  be  kept  as  low  as  may  be  consistent 
with  the  above  condition,  and  the  gear  ratio  should  be  such  that 
when  the  car  is  running  at  its  maximum  speed,  the  motor  armature 
speed  will  not  exceed  a  safe  limit. 

The  characteristic  curves  of  a  motor  show  its  performance  for 
any  given  load  at  normal  voltage.  On  a  car,  the  motor  is  operating 
under  a  constantly  varying  load  and  the  problem  in  any  specific 
case  is  to  find  what  its  performance  will  be  under  such  circum- 
stances. The  most  important  step  in  this  problem  is  to  determine 
the  speed-time  and  power  curves. 

In  starting  a  direct-current  motor,  resistance  is  placed  in  series 
with  it  so  that  a  comparatively  low  voltage  is  applied  to  the  motor 
at  first.  The  resistance  is  gradually  cut  out  by  the  operation  of 
the  controller  until  finally  the  full  line  voltage  is  impressed  on  the 
motor.  It  is  possible  to  control  the  length  of  time  consumed  in 
this  process  and  also  the  current  and  voltage  supplied  during  this 
time.  However,  after  the  motor  has  the  full  line  voltage  applied 
to  it,  its  performance  is  altogether  dependent  upon  its  character- 
istics. 

With  a  series-])arallel  controller  and  suitable  resistances  a 
roughly  uniform  ciu'rent  of  almost  anv  desired  value  may  be  ob- 
tained during  the  time  of  starting  li\-  suitably  (ii)erating  the  con- 
troller. The  current  obtained  when  the  controller  is  first  thrown  on 
is  dependent  upon  the  resistance  and  the  self-induction  in  the  motor 


*This  is  the  fourth  of  a  scric^  of  articles  on   Electric  Rnilway  Engineer- 
ing.    The  first  article  appeared  in  the  January  issue. 
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circuit.  In  any  other  position,  it  also  depends  upon  the  rapidity 
with  which  the  controller  is  o])erated,  the  average  value  of  the  cur- 
rent during  starting,  decreasing  as  the  time  for  operating  the  con- 
troller is  extended. 

The  rate  at  which  a  car  is  accelerated  depends  upon  the  torque 
developed  hy  the  motors.  The  torque  depends  upon  the  current 
and  thus  the  rate  of  acceleration  is  dependent  on  the  current. 
Hence  the  maximum  allowable  current  is  a  determining  factor  in 
the  rate  of  acceleration  obtainable.     The  momentarv  current-carrv- 
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FIG.   I — CURVES  OF  TRAIN  RESISTANCE 
FOR  SINGLE  CARS 


ing  capacity  is  usually  limited  by  the  commutation.  Another  limita- 
tion to  the  rate  of  acceleration  is  found  in  the  w'eight  on  the  driving 
wheels.  Under  ordinary  track  conditions,  if  the  tractive  effort  de- 
veloped is  more  than  one-fifth  of  this  weight,  the  wheels  will  slip. 
The  comfort  of  the  passengers  should  be  considered  and  the  over- 
load capacity  of  the  power  house  and  sub-stations  should  also  be 
taken  into  account.  Ordinarily  cars  are  accelerated  at  rates  between 
one-half  and  two  miles  per  hour  per  second. 
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TRAIN    RESISTANCE 

Numerous  empirical  formulae  have  been  developed  for  train 
resistance,  some  of  them  based  on  elaborate  tests.  The  values  ob- 
tained by  the  use  of  these  various  formulae  differ  widely.  Certain 
tests  indicate  that  for  single  cars,  Blood's  formula*  is  very  close. 
The  values  derived  from  it  are  slightly  higher  than  those  obtained 
by  actual  measurement  and  are  therefore  on  the  safe  side  for  use 
in  theoretical  calculations. 

Fig.  I  shows  curves  made  from  this  formula  for  cars  of  from  20 
to  45  tons  weight. 

By  assuming  the  following  conditions,  the  speed-time  curve 
for  a  40-ton  car  equipped  with  75  hp  motors  may  be  calcu- 
lated. 

Weight    of    car,    including    electrical    equipment,    brake    apparatus    and    live 

load    40   tons. 

Track,  straight  and  level 

Train  resistance  as  shown  by  Blood's  formula.  Fig.   i 

Trolley  e.m.f 500  volts 

Length  of  run i  mile 

Length  of  stop 10  seconds 

Schedule   speed 24  miles  per  hour 

Initial   acceleration 1.5  miles  per  hr.  per  sec. 

Braking  rate 1.5  miles  per  hr.  per  sec. 

Characteristic  curves  of  motors  are  shown   in  Fig.  2. 

A  tractive  effort  of  100  lbs.  per  ton  is  needed  to  produce  an 
acceleration  of  one  mile  per  hour  per  second.  Hence  there  must 
be  1.5  X  100X40^=6000  lbs.  net  tractive  effort.  The  train  re- 
sistance at  18  miles  per  hour  is  9  X  40  =  360  lbs.  The  total  trac- 
tive effort  developed  by  the  motors  in  starting  must  therefore  be 
6  000  -}-  360  =  6  360  lbs.  or  I  590  lbs.  per  motor.  Referring  to 
Fig.  2,  it  may  be  seen  that  the  required  tractive  effort  is  produced 
when  each  motor  is  taking  134  amperes.  At  500  volts,  the  speed 
corresponding  to  134  amperes  is  18  miles  per  hour.  Hence  the  car 
may  be  accelerated  at  the  rate  of  1.5  miles  per  hour  per  second, 
until  this  speed  is  reached  when  the  full  line  voltage  is  applied  to 


*This  formula  is  R=A+BM+(C+  ,j.  )  M'-**.    Where  R=  train  resistance  in 

lbs.   per  ton,   A^5.o,    B=o.i2,    C=o.ooi4,    D=o.35,    M:=miles    per   hour,    and 
T^weight  of  car  in  tons. 

Where  not  more  than  two  trailers  are  handled  by  a  motor  car.  the  train 
resistance  for  trailers  may  be  taken  as 

12  lbs.  per  ton  from    o  to  50  miles  per  hour, 

13  "      "      "       "      so   "    60     " 

14  00       70 
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each  motor.     Tlie  time  required  to  come  from  rest  up  to  the  speed 
of  i<S  uiiles  per  hour  wiien  accelerating-  at  the  rate  of  1.5  miles  per 

hour  per  second  is   ^"    =12  seconds. 

Consequently  at  the  end  of  12  seconds  from  the  time  the  cur- 
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FIG.    2 — PERFORMANCE    CURVES    FOR    75-HORSE    POWER,     5OO-VOLT,    RAILWAY     MOTOR 

rent  is  first  thrown  on,  the  car  will  have  attained  a  speed  of  i8 
miles  per  hour,  the  motors  will  be  all  in  parallel  and  running  on  the 
motor  curve  at  500  volts.  As  the  car  speeds  up  be^yond  this  point, 
the  current  decreases  and  therefore  the  tractive  eiTort  also  de- 
creases as  mav  be  seen  from  Fig.  2.     Heive  the  rate  of  accelera- 
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tion  can  no  longer  remain  constant  but  will  decrease  and  the  speed 
of  the  car  will  increase  at  a  lessening  rate.  With  increased  speed, 
the  train  resistance  is  greater,  which  tends  to  still  further  reduce 
the  rate  of  acceleration. 

In  determining  other  points  on  the  speed-time  curve,  the  pro- 
cess is  as  follows :  Suppose  the  car  has  reached  a  speed  of  19  miles 
per  hour.  The  current  will  have  fallen  in  value  to  118  amperes 
and  the  tractive  effort  will  then  he  i  328  pounds  per  motor.  T'he 
train  resistance  has  increased  to  93  pounds  per  motor.  Hence  at 
19  miles  per  hour,  the  net  tractive  effort  is  1328  —  93=1235 
pounds  per  motor  and  the  rate  of  acceleration  is  1.235  miles  per 
hour  per  second.  Since  the  tractive  effort  and  acceleration  have 
been  decreasing  gradually  while  the  car  was  speeding  up  from  18 
to  19  miles  per  hour,  we  may  assume  without  serious  error  that  the 
average  acceleration*  during  this  period  is  the  average  of  the  intial 
and  final  acceleration. 

That  is,  the  average  acceleration  between  18  and  19  miles  per 
hour  is  L-i^+  '■^^•',  ^^  1.367  miles  per  hour  per  second.  To  in- 
crease in  speed  from  18  to  19  miles  per  hour — a  difference  of  one 
n-iile  per  hour — at  the  rate  of  1.367  miles  per  hour  per  second  takes 

—^  =  0.73  seconds.  Hence  the  car  reaches  a  speed  of  19  miles 
per  hour  in  12  -\-  0.73  :=  12.73  seconds  from  the  start.  This  gives 
a  point  on  the  speed-time  curve. 

The  speed  will  continue  to  increase  beyond  this  point.  At  20 
miles  per  hour,  the  current  is  103  amperes.  The  tractive  eft'ort  is 
I  100  pounds  per  motor,  the  train  resistance  is  96  pounds  per  motor 
and  the  net  tractive  effort  is  i  100  —  96=  i  004  pounds  per  motor. 
Therefore  the  rate  of  acceleration  at  20  miles  per  hour  is  1.004 
miles  per  hour  per  second  and  the  average  acceleration  between  19 
and  20  miles  per  hour  is  '-^35  +  1-004  __  ^  ^^  miles  per  hour  per 
second.  T'he  speed  interval  is  one  mile  per  hour  and  the  time  is 
~  =0.9  second  approximately.  The  car  will  thus  reach  the 
speed  of  20  miles  per  hour  in  12.73 -|- 0-9  =  13-63  seconds  from 
the  start  and  thus  another  point  on  the  curve  is  known. 

Other  points  may  be  found  in  the  same  wav  and  the  curve  pro- 


*This  assumption  is  not  strictly  correct  because  of  the  varying  rate  of 
change  of  acceleration.  However,  by  taking  speed  intervals  of  3  miles  per 
hour  or  less,  the  calculated  curve  will  approximate  the  actual  curve  with  a 
greater  degree  of  accuracy  than  can  be  maintained  in  many  of  the  subse- 
quent calculations,    Usually  the  error  is  less  than  one  per  cent. 
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duccd  until  it  becomes  a  straight  line  at  the  speed  where  the  trac- 
tive effort  developed  is  equal  to  the  train  resistance. 

In  calculating  and  constructing  a  speed-time  curve,  it  is  most 
convenient  to  figure  from  the  weight  and  tractive  effort  for  a  single 
motor.  These  figures  are  tabulated  as  below  and  the  curve  is  plot- 
ted directly  from  the  speed  and  time  columns. 

40-Ton  Car.     4  Motors. 


Per  Motor 

Rate  of 

Miles 

Pounds 

Pounds 

Pounds 
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tractive 

train 
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0 

0 

224 

Ultimate  speed 

Fig.  3  shows  this  speed-time  curve  plotted  from  the  above 
table. 

When  several  curves  are  to  be  plotted  for  the  same  car  with 
the  same  equipment,  it  is  convenient  to  use  an  auxiliary  curve  sheet 
of  the  form  shown  in  Fig.  4.  A  scale  of  pounds  net  tractive  effort 
per  motor  is  laid  off  to  the  right  of  the  zero  point  and  an  equal 
scale  is  made  to  the  left  of  the  zero  for  train  resistance.  Scales  of 
speed  and  acceleration  are  laid  off  on  the  vertical  axis.  The  train 
resistance  curve,  R  R,  is  then  plotted.  The  tractive  effort  at  any 
speed — say  20  miles  per  hour — is  read  from  the  motor  curve.  A 
pair  of  dividers  is  set  for  this  value  of  tractive  effort  to  scale  and 
this  distance  is  then  laid  off  to  the  right  from  the  train  resistance 
curve  at  20  miles  per  hour.  This  gives  a  point,  P,  on  the  speed 
curve.  Other  points  are  determined  in  like  manner  and  the  curve, 
LS,  is  drawn.  Since  the  rate  of  acceleration  is  in  all  cases  directly 
proportional  to  the  net  tractive  effort,  a  straight  line  drawn  through 
zero  at  the  proper  angle  will  give  the  curve  between  net  tractive 
effort  and  acceleration  for  a  single  car  on  straight  level  track.  For 
example,  in  Fig.  4.  an  acceleration  of  one  mile  per  hour  per  second 
is  produced  by  i  000  pounds  net  tractive  effort  per  motor.  Hence 
a  straight  line  through  OA  is  the  acceleration  curve.     From  these 
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curves  the  acceleration  at  any  speed  may  be  read  direct.  At  the 
speed  of  22  miles  per  honr,  for  instance,  the  net  tractive  effort  is 
680  pounds  and  at  680  pounds  the  acceleration  is  0.68  miles  per 
hour  per  second.  From  this  it  is  seen  that  to  obtain  the  accelera- 
tion at  any  speed  it  is  only  necessary  to  read  from  the  accelera- 
tion curve  the  value  on  the  vertical  line  through  the  speed  point 
chosen. 

The  speed  curve.  Fig.  4,  may  be  plotted  from  the  point  L  which 
corresponds  to  the  maximum  current  which  the  motor  will  commu- 
tate  well  to  the  point  ^  which  represents  the  limit  of  safe  armature 
speed.     The  point  U  gives  the  ultimate  speed  which  the  car  will 
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reach  on  straight  level  track.     The  speeds  between  U  and  5"  may 
be  attained  on  down  grades. 

If  a  car  is  starting  up  a  grade  it  is  equivalent  to  having  the 
net  tractive  cft'ort  decreased  by  the  amount  of  grade  resistance. 
The  same  speed  curve  may  be  used  but  an  additional  line  for  ac- 
celeration on  the  grade  must  be  drawn.  T'o  construct  this  line,  lay 
off'  the  distance  OG  equal  to  the  grade  resistance  per  motor  and 
through  G  draw  the  line  BB'  parallel  to  AA',  A  vertical  line  may 
be  drawn  through  (7.  cutting  the  speed  curve  at  V ,  the  ultimate 
speed  which  the  car  will  reach  when  nmning  up  this  grade.  In  a 
similar  way,  the  acceleration  line  CC  may  be  constructed  for  the 
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car  running  down  the  same  grade  and  acceleration  lines  for  other 
grades  may  be  constructed.  Acceleration  lines  ior  starting  on 
curved  track  may  be  drawn  in  the  same  way. 

If  a  20-ton  trailer  is  attached  to  the  motor  car,  it  is  equivalent 
to  adding  a  constant  train  resistance  per  motor  of  the  amount 
OT  =  60  pounds.  A  vertical  line  through  T  cutting  the  speed 
curve  gives  F,  the  ultimate  speed  which  the  car  will  reach  when 
hauling  the  trailer  on  straight  level  track.  The  slope  of  the  ac- 
celeration line  will  be  as  shown  by  DD' ;  for  with  the  trailer  i  500 
pounds  net  tractive  efifort  per  motor  is  required  to  accelerate  the 
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FIG.   4— CURVES    SHOWING   TR.\IN    RESISTANCE,    SPEED   AND   ACCELERATION 

train  at  the  rate  of  one  mile  per  hour  per  second.  This  value  must 
be  laid  off  from  T  giving  the  point  E,  on  the  acceleration  curve  for 
the  train.  From  the  above  description  it  will  be  seen  that  from 
such  an  auxiliary  curve  with  a  single  speed  curve  the  necessary 
values  of  acceleration  for  constructing  speed-time  curves  under  all 
conditions  are  easily  obtained  by  the  addition  of  a  few  straight 
lines. 

The  speed-time  curve  as  calculated  by  either  of  the  foregoing 
methods  shows  the  performance  of  the  car  while  the  motors  are 
developing  power,     In  order  to  stop  at  a  given  point,  the  power 
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is  cut  off  and  the  brakes  applied.  After  the  power  is  off,  the  mo- 
mentum of  the  car  tends  to  keep  it  in  motion  and  the  train  resist- 
ance tends  to  stop  it.  There  is  thus  a  force — the  amount  of  the 
train  resistance — producing  negative  acceleration.  In  the  above 
case  at  34  miles  per  hour,  the  train  resistance  is  150  pounds  per 
motor    and    the    negative    acceleration    is    ^^      =0.1^    miles    per 

o  1000  •-'  *■ 

hour  second,  that  is,  ten  seconds  after  power  is  cut  oft'  the  speed 
of  the  car  will  have  been  reduced  1.5  miles  per  hour.  This  gives 
the  coasting  or  drifting  line.  The  above  determination  of  the  coast- 
ing line  is  not  entirely  accurate  because  the  train  resistance  does 
not  include  the  friction  and  windage  of  the  motors  themselves.  This 
motor  friction  does  not  have  to  be  considered  in  working  from  the 
motor  curve  because  this  curve  shows  the  tractive  effort  exerted 
at  the  wheel  tread  and  does  not  include  that  used  in  overcoming 
the  motor  friction.  Also  since  train  resistance  is  variable  the 
coasting  line  is  a  curve,  the  slope  becoming  more  nearly  horizontal 
at  lower  speeds.  The  curvature  is  very  slight,  however,  and  it  is 
reasonable  to  draw  the  coasting  line  straight  at  a  slope  correspond- 
ing to  the  train  resistance  at  the  speed  at  which  the  power  is  cut 
oft".  With  good  power  brakes,  a  car  can  be  stopped  at  any  rate  up 
to  three  miles  per  hour  per  second  without  danger  or  serious  dis- 
comfort. 

Since  in  this  case  the  car  is  to  make  a  run  of  one  mile  at  a 
schedule  speed  of  24  miles  per  hour,  the  time  required  to  make  the 

run   is      '''""      =  i  ^o    seconds.      This    time    includes   a   ten    second 
24  -^ 

stop,  therefore  the  actual  distance  must  be  covered  in  140  seconds. 
A  braking  rate  of  1.5  miles  per  hour  per  second  was  specified. 
Then  starting  from  the  140  second  point  on  the  base  line,  the  brak- 
ing line  will  be  run  through  the  15  miles  per  hour  i)oint  at  130 
seconds,  cutting  the  speed  curve  at  C,  Fig.  3.  ABC  is  the  curve 
with  power  on,  CE  is  the  braking  line  drawn  from  E,  and  EF  is 
the  10  second  stop.  The  area  enclosed  in  the  speed-time  curve  is 
a  measure  of  the  distance  traveled  by  the  Ccir.  Supjiose  the  car 
runs  at  10  miles  per  hour  for  20  seconds.  It  will  have  traversed 
10  X  :!'>      __       >       j^TJi^>      Similarlv,  if  the  car  runs  at  20  miles  per 

3(>oo  i.S  _  -    '  _  t_ 

hour  for  20  seconds,  or  at  10  miles  per  hour  for  40  seconds,  the  dis- 
tance traversed  will  be  one-ninth  mile.  From  this  it  is  seen  that 
one  cross-section  square  in  Fig.  3  is  equivalent  to  one-  eighteenth  of 
a  mile,  that  is,  a  speed-time  curve  for  a  one  mile  run  must  enclose 
an  area  exactly  equal  to  i8  squares  in  the  figure.     If  the  car  couUl 
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be  started  instantly  and  brought  up  to  a  speed  of  24  miles  per  hour, 
run  for  150  seconds  at  this  speed,  and  then  stopped  instantly,  its 
speed-time  curve  would  be  the  rectangle  AGUE.  In  order  that  the 
curve  ABDEE  may  truly  represent  a  one  mile  run,  its  area  must 
be  equal  to  that  of  the  rectangle  AG  HE  =  18  squares.  The  part 
of  the  curve  with  power  on,  ABC,  the  stop,  EE,  and  the  braking 
line,  EC,  are  fixed.  Hence  the  only  thing  which  may  be  varied 
to  get  the  correct  area  is  the  position  of  the  coast  line,  BD.  The 
slope  of  the  coast  line  is  determined  as  previously  described  and  is 
drawn  in  a  trial  position.  The  enclosed  area  is  measured  by  a 
planimeter.  If  this  area  is  found  to  be  too  small,  the  coast  line  is 
shifted  upwards,  the  slope  being  kept  the  same,  and  if  the  area 
is  too  great,  the  coast  line  is  moved  downwards.  This  cut-and-try 
method  is  continued  until  the  enclosed  area  is  found  to  be  correct. 
In  a  similar  manner  the  speed-time  curves  for  any  equipment 
may  be  plotted.  If  it  should  be  found  that  with  the  highest  rea- 
sonable rate  of  acceleration  and  no-coasting  line,  as  in  curve  ABCE, 
Fig.  3,  there  is  not  sufficient  area,  this  means  that  under  the  given 
conditions  the  equipment  is  not  capable  of  making  the  desired 
schedule.  In  such  a  case,  another  curve  must  be  plotted,  using 
either  larger  motors  or  the  same  motors  with  higher  speed  gears. 

CURRENT  AND  POWER  INPUT  CURVES 

Having  determined  the  speed-time  curve,  the  curves  of  cur- 
rent and  power  input  follow  directly.  From  the  characteristic 
curves  of  the  motor  it  may  be  seen  that  when  operating  at  a  given 
voltage,  any  definite  speed  value  always  corresponds  to  a  definite 
current  value.  In  order  to  construct  the  part  of  the  current  curve 
after  all  the  resistance  is  cut  out,  it  is  therefore  only  necessary  to 
plot  at  any  instant  on  the  speed-time  curve  the  current  value  corre- 
sponding to  the  speed  at  that  time.  Since  the  motors  on  a  car  are 
connected  in  parallel  when  the  controller  is  "full  on,"  the  current 
per  motor  as  shown  by  the  characteristic  curves  must  be  multiplied 
by  the  number  of  motors  on  the  car  to  give  the  current  per  car. 

Before  the  controller  is  full  on,  different  conditions  exist.  At 
the  start,  both  motors  are  in  series  on  a  two-motor  equipment.  With 
a  four-motor  equipment  there  are  two  sets  of  two  motors  each,  the 
motors  of  each  set  being  connected  in  parallel  and  the  two  sets 
being  in  series.  Hence  from  the  moment  of  starting  until  the  mo- 
ment when  the  operation  of  the  controller  connects  all  the  motors 
in  parallel,  the  current  per  car  is  equal  to  the  current  per  motor 
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multiplied  by  one-half  the  number  of  motors  on  the  car.  In  the 
case  considered,  134  amperes  per  motor  were  required  for  an  ac- 
celeration of  1.5  miles  per  hour  per  second.  Hence  the  car  will 
take  268  amperes  while  the  motors  are  in  the  series  position  and 
536  amperes  in  multiple.  The  speed  of  the  car  with  motors  in 
series  without  resistance,  as  obtained  from  the  following  relations, 

Speed    in    series        250    volts — drop  in   motor. 

Speed  in  parallel  500    volts — drop    in    motor. 

was  found  to  be  8.5  miles  per  hour.  This  gives  the  speed  point 
at  which  the  motors  are  connected  in  parallel  and  the  current  per 
car  increases  from  268  to  536  amperes.  The  car  continues  to  take 
536  amperes  until  all  the  resistance  is  out  when  the  speed  at  18 
miles  per  hour  is  reached.  At  the  point  B,  Fig.  3,  where  the  power 
is  cut  ofT,  the  current  falls  to  zero,  thus  completing  the  curve. 

A  curve  of  power  input  can  easily  be  plotted  from  the 
current   curve,   the  kilowatts   input   at   any   instant  being  equal  to 

amperes  x    volts.  ^  j^^    Ordinary   theoretical    calculations    where 

1000  •' 

the  line  pressure  is  assumed  to  be  constant  at  500  volts,  the  current 
and  kilowatt  curves  will  be  the  same  if  the  scale  of  kilowatts  is 
made  double  that  of  amperes.  In  Fig.  3,  the  curve  ARIJKLM  is 
the  curve  of  current  per  car  and  kilowatts  input.  The  voltage  on 
each  motor  at  any  instant  is  shown  by  curve  ATVWM. 

Frequently  it  is  not  only  desirable  but  necessary  to  know  the 
average  current  or  power  taken  by  the  car.  This  average  is  taken 
for  the  time  of  a  complete  cycle  and  not  merely  for  the  time  during 
which  the  car  is  taking  power.  The  average  current  is  found  by 
dividing  the  area  of  the  current  curve  in  ampere-seconds  by  the 
time  of  the  run  in  seconds.  In  Fig.  3,  the  area  of  each  square  with 
reference  to  the  current  curve  is  equal  to  200  X  20  =:  4  000  ampere- 
seconds.  When  measured  by  a  planimeter,  this  curve  is  found  to 
enclose  an  area  of  4.3  squares.  Hence  the  average  current  per 
car  for  the  run  is  *'^  ^.^  '*°°°  ^  115  amperes.  Similarly,  the  aver- 
age power  input  for  the  run  is    ■*''  ^ ^^^"""    r=  57.5  kilowatts. 

The  above  average  values  are  dependent  upon  the  speed  at 
which  the  car  travels,  therefore  a  comparison  on  this  basis  of  the 
performances  of  two  cars  making  different  schedule  speeds  will  be 
unfair  and  is  apt  to  be  misleading.  Where  the  performances  of  cars 
weighing  exactly  or  nearly  the  same  and  operating  imder  different 
schedule  speeds  are  to  be  compared,  a  fair  basis  of  comparison  is 
found  in  the  values  of  kilowatt-hours  per  car-mile.     For  the   run 
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being-  considered,  it  was  found  that  the  average  power  was  57.5 
kilowatts.  The  time  of  the  run  was  150  seconds  =  one-twenty - 
fourth  of  an  hoin-.  I  Umicc  the  energy  in])nl  {<<  the  car  for  the  run 
is  ^''^  =2.4  kilowatt-hours.  As  in  liiis  case  the  run  is  one 
mile  in  length  the  energy  input  is  2.4  kilowatt-hours  per  car  mile. 

PERFORMANCE   COMPARISONS 

If  the  ])erformances  in  two  cars  very  different  in  weight  are  to 
Ix'  compared,  the  values  of  kilowatt-hours  per  car-mile  are  little 
better  than  the  average  kilowatts  as  a  basis  of  comparison.  In  such 
cases,  the  watt-hours  per  ton-mile  may  be  compared.  The  value  of 
2.4  kilowatt-hours  per  car-mile  found  above  is  for  a  40-ton  car. 
From  this  it  follows  that  the  energy  input  may  be  expressed  as 
^ — ^^  '"°°  =  60  watt-hours  per  ton-mile  for  this  particular  case. 

The  watt-hours  per  ton-mile  values  should  not  be  used  for  all 
cases  except  when  all  the  associated  conditions  and  the  quantities 
afifecting  them  are  considered  and  duly  taken  into  account.  How- 
ever, numerous  cases  exist  where  the  values  of  watt-hours  per 
ton-mile  may  be  compared  directly.  The  performances  of  different 
equipments  operating  the  same  car  in  a  given  service  ma,y  be  com- 
pared on  this  basis  as  may  be  the  performances  of  the  same  equip- 
ment operating  different  cars  in  a  given  service  and  also  the  per- 
formance of  the  same  equipment  operating  the  same  car  under  dif- 
ferent conditions  of  service. 

The  curve  AXYZM  is  plotted  from  the  squares  of  the  instan- 
taneous values  of  current  per  motor.  The  value  of  the  average  or 
mean  square  current  is  determined  from  this  curve  in  the  same  way 
as  that  used  for  finding  the  average  current  per  car.  By  taking 
the  square  root  of  the  mean  square  value  of  current  per  motor,  a 
quantity  is  found  which,  taken  in  conjunction  with  the  average 
voltage  impressed  on  the  motors,  shows  whether  the  chosen  equip- 
ment is  suited  to  the  service.  If  the  equipment  is  not  suitable,  these 
values  further  indicate  whether  it  is  too  large  or  too  small,  together 
with  the  approximate  amount  of  error. 


THE  MERSEY  TUNNEL  AND  THE  LONDON  METRO- 
POLITAN RAILWAY  ELECTRIFICATIONS-I 

H.  L.  KIRKER 

WHEN  the  Mersey  Tunnel  Railway  between  Liverpool 
and  Birkenhead,  England,  was  electrified,  the  entire 
steam  service  was  abandoned  and  complete  electric 
service  inaugurated  within  the  space  of  a  few  hours.  When  the 
London  Metropolitan  Railway  was  electrified,  the  change-over 
was  made  gradually.  In  the  first  instance  the  contractors' 
recommendation  that  the  new  service  be  inaugurated  gradually 
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was  not  adopted,  in  the  second  it  was  followed.     Tn  both  cases 
the  results  confirmed  the  contractors'  judgment. 

To  the  operating  engineer  it  is  self-evident  that  an  entire 
steam  locomotive  service  cannot  be  replaced  in  a  few  hours  by  an 
electric  service  involving  a  new  power  station,  new  sub-stations, 
new  rolling  stock  and  calling  for  the  continuous  and  skilled  co- 
operation of  several  hundred  men.  But  according  to  my  ex- 
perience, this  is  not  always  self-evident  to  the  management  antl 
traffic  department  of  steam  railways,  nor  is  it  always  brought  to 
their  attention  sufificiently  early  by  the  contractors  to  minimize 
the  trouble  incident  to  the  change-over. 
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The  inaugurul  problem  is  a  serious  one,  and  vvlicn  tlie  rail- 
way company  assumes  one  program  and  the  contractor  another, 
a  dangerous  compromise  may  have  to  be  resorted  to  if  the  matter 
is  left  for  settlement  until  the  starting  time  arrives.  In  view 
of  the  freciucncy  with  which  this  problem  is  coming  up,  a  few 
notes  on  the  instantaneous  change-over  on  the  Mersey  and  the 
gradual  change-over  on  the  Metropolitan  may  be  interesting.  I 
am  familiar  with  both  of  these  cases,  as  I  spent  eighteen  months 
on  the  Mersey  contract  and  two  years  on  the  Metropolitan. 

The  Mersey  Tunnel  Railway  was  not  competing  successfully 
with  the  ferries.  The  management  believed  the  failure  to  be  due 
to  bad  air  in  the  tunnel.  They  saw  that  electrification  would 
solve  the  smoke  problem,  so  after  much  deliberation  they  decided 
to  electrify.  It  was  asumed  that  financial  success  would  date 
from  the  inauguration  of  the  new  service.  The  entire  contract 
was  let  to  one  firm,  who  carried  out  the  work  without  interfer- 
ing with  the  steam  service.  As  this  was  the  first  instance  in 
the  kingdom  of  the  electrification  of  a  steam  road,  the  work  at- 
tracted much  attention.  The  interest  increased  as  the  work  pro- 
gressed and  finally  when  the  trial  period  approached  and  the  pro- 
gram for  the  change-over  from  steam  to  electricity  was  discussed, 
the  contractors  found  that  the  railway  company  was  counting 
on  a  spectacular  opening.  They  wanted  an  instantaneous  trans- 
formation from  steam  to  electricity.  The  contractors  pointed 
out  the  tremendous  strain  to  which  the  plant  would  be  put  if  a 
full  service  was  attempted  at  the  outset.  They  insisted  that 
time  was  necessary  to  test  the  plant  and  train  the  stafif,  and  that 
the  natural  way  to  inaugurate  the  new  service  was  to  gradually 
replace  the  steam  trains  by  electric  ones,  that  with  such  an  ar- 
rangement the  little  embarassments  incident  to  the  change-over 
would  not  have  a  serious  efifect  on  traffic  and  as  regards  the 
"inaugural  show",  it  could  take  place  like  an  official  coronation — 
after  the  new  regime  was  in  full  swing.  The  railway  company 
maintained,  however,  that  a  mixed  service  would  be  prejudicial 
to  the  undertaking.  They  would  not  forego  a  dramatic  opening 
and  consequently  the  contractors  had  to  act  accordingly. 

As  a  preliminary  training  for  motormen,  a  school  train  was 
run  at  night  during  the  non-traffic  hours  on  a  bran'zh  line  for  two 
or  three  weeks.  Later  two  empty  trains  were  run  in  between  the 
steam  trains  a  few  hours  per  day  for  eight  or  ten  days.  A  water 
rheostat  load  was  put  on  the  generator.     At  this  juncture  the 
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railway  company  retained  a  prominent  consulting  engineer  and 
he  called  for  a  test  on  the  entire  system.  This  test  was  made 
on  a  Saturday  night  during  the  non-traffic  hours.  The  entire 
service  of  electric  trains  was  brought  out  and  run  on  the  pro- 
posed three  minute  schedule.  As  a  result  of  this  run  the  con- 
sulting engineer  recommended  that  the  new  service  be  inaugurat- 
ed within  ten  days  and  that  a  complete  service  be  instituted  at 
the  out-set. 

Accordingly  on  Saturday  night,  May  2nd,  1903,  all  the  steam 
rolling  stock  was  taken  out  and  the  electric  trains  brought  in. 
The  first  train  on  Sunday  forenoon  hauled  the  inaugural  party 
over  the  road  and  a  general  inspection'  of  the  system  took  place. 
After  this  inspection  the  party  adjourned  to  an  elaborate  banquet 
at  which  the  Lord  Mayor  of  Liverpool,  the  Mayor  of  Birken- 
head, various  representative  railway  men,  manufacturers,  and 
members  of  the  press  were  present.  Congratulatory  speeches 
were  made  and  pleasing  prophesies  indulged  in.  During  the 
feasting  the  new  service  was  thrown  open  to  the  public  and  an 
extraordinary  chapter  in  operating  was  begun. 

Seven  hundred  and  fifty  trains  per  day  were  scheduled  to 
pass  throught  the  tunnel.  The  road  is  a  double  track  one  with  a 
branch  line  on  the  Birkenhead  side  and  is  completely  controlled  by 
a  block  signal  system.  Two  hundred  and  fifty  men  were  more 
or  less  directly  concerned  in  the  operation  of  the  trains,  and  of 
these  men  ninety  per  cent  were  employees  who  had  been  engaged 
in  operating  the  steam  road.  I  had  operated  the  plant  during 
the  trial  runs.  With  commencement  of  the  new  service  the  rail- 
way stafif  took  charge.  This  staff  had  been  selected  generally 
without  reference  to  the  contractors'  recommendations.  Their 
only  concerted  experience  with  electric  operation  was  the  five 
hour  trial  run  made  for  the  consulting  engineer.  As  a  precau- 
tionary measure  I  covered  some  of  the  more  important  parts  of 
the  plant  with  my  own  men.  I  rather  hoped  witii  the  proper 
co-operation,  to  keep  the  railway  company's  staff'  out  of  serious 
trouble  and  save  the  plant  from  abuse  while  the  men  were  get- 
ting a  working  knowledge  of  the  new  system.  These  ex- 
pectations were  not  realized.  There  was  more  or  less  co-opera- 
tion but  the  position  was  an  anomalous  one,  as  the  responsibility 
was  badly  mixed.  The  plant  had  not  been  accepted  but  the  rail- 
way company  was  operating  it.  The  contractors  were  helping 
but  had  no  authority.  Discipline  under  these  circumstances  was 
almost  out  of  the  question. 
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I'or  four  or  five  weeks  there  was  trouble,  and  most  of  it  useless 
trouble.  Sometimes  it  was  in  the  power  station,  sometimes  on 
the  line,  and  sometimes  with  the  lig^htini^  system.  Passenger 
stations  would  be  left  in  darkness,  for  even  the  gas  lamps  had 
been  removed.  The  rust  on  the  collectors  rails  caused  trains  to 
be  accompanied  l)y  streams  of  sparks  that  produced  a  weird 
efTect  in  the  grimy  tunnel.  There  were  numerous  delays  to  traffic 
due  to  small  hitches  in  the  control  and  brake  gear.  Dangling 
collector  shoes  would  bring  out  a  feeder  breaker  and  stall  trains 
in  darkness.  In  the  power  house  the  situation  at  times  was 
critical.  There  were  periods  when  two  out  of  the  three  engines 
were  out  of  commission  and  when  another  minor  accident  to  the 
valve  gear  or  another  hot  crank  pin  would  have  shut  down  the 
entire  road.  The  detailed  report  of  the  early  mishaps  is  long 
and  instructive.     A  few  particulars  will  suffice. 

A  grounded  cross-bond  near  the  terminal  station  suspended 
traffic  on  that  section  for  thirty-five  minutes.  A  skilled  man 
could  have  removed  this  ground  in  five  minutes.  A  loose  shoe 
bolt  fouled  a  train  and  tied  up  the  entire  road  for  twenty  minutes. 
An  experienced  man  could  have  remedied  this  trouble  without 
any  delay  whatever.  A  loaded  train  stood  for  a  quarter  of  an 
hour  just  outside  a  terminal  station  because  the  driver  could 
not  release  the  brakes.  Motors  flashed  on  account  of  neglected 
brush  holders.  Several  controllers  were  burned  out  because 
burnt  contacts  were  not  promptly  renewed. 

All  of  these  incidents  had  their  efifect  on  traffic  and  on  some 
days  the  sum  total  of  the  delays  amounted  to  two  hours  out  of 
the  twenty.  The  public  was  not  slow  in  expressing  its  disap- 
proval, but  fortunately  there  were  no  grave  accidents.  As  soon 
as  the  staff  exhausted  the  list  of  ordinary  troubles  improvement 
began.  The  same  man  seldom  made  the  same  mistake  twice,  so 
the  advertised  Schedule  was  gradually  attained. 

Most  of  the  power  station  troubles  were  checked  before  they 
had  any  effect  on  the  train  movements.  Five  times  within  the 
first  month  the  control  of  the  condensing  plant  was  lost.  On 
one  of  these  occasions  the  automatic  atmospheric  valve  stuck  in 
partially  open  position  and  the  station  had  to  be  run  non-condens- 
ing for  sixteen  hours.  Main  engines  were  started  up  cold  and  in 
one  of  these  instances  the  valve  gear  siezed,  putting  the  engine 
out  of  commission  for  several  hours.  There  were  hot  crank  pins 
and  minor  troubles  that  made  it  necessary  to  shut  down  the 
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engines  for  short  periods.     These  troubles  could  have  been  an- 
ticipated by  proper  inspection. 

The  most  serious  mishaps  occured  toward  the  end  of  the 
first  month.  On  the  morning  in  question  the  boiler  room  crew 
was  slow  in  getting  the  fires  cleaned  and  ready  for  the  morning 
load.  The  load  caught  them  with  low  steam  and  pulled  the  pres- 
sure to  a  point  that  made  the  operation  of  the  condensing  plant 
erratic.  The  vacuum  was  lost  several  times.  Finally  the  auto- 
matic atmospheric  valve  stuck  in  a  partially  open  position,  forc- 
ing the  plant  to  run  non-condensing.  This  increased  the  pull  on  the 
boilers  and  dropped  the  pressure  still  lower.  The  engines  began 
to  pound  badly.  The  stokers,  condensers  and  feed  pumps  were 
all  giving  trouble  at  once.  The  boiler  room  crew  lost  control 
of  the  situation.  The  water  tender  ran  the  water  up  too  high 
in  the  boilers.  This  brought  the  pressure  down  to  90  pounds. 
Heavy  priming  occurred  and  one  of  the  main  engines  took 
water  so  badly  that  it  was  barely  shut  down  in  time  to  escape 
being  wrecked.  The  valve  gear  seized  and  eight  hours  forced 
work  was  necessary  to  get  the  engine  into  commission  again. 
The  train  load  was  all  but  abandoned  until  the  pressure  was 
brought  up  again.  The  atmospheric  valve  was  hopelessly  stuck 
for  the  rest  of  the  day.  The  third  engine  was  partially  disman- 
tled so  the  train  load  had  to  be  kept  within  the  capacity  of  one 
engine  running  non-condensing  until  the  damaged  valve  gear 
was  repaired.  Fortunately  nothing  happened  to  this  remaining 
engine  during  the  eight  hours  it  had  to  carry  the  load  alone,  so 
a  complete  shut  down  was  avoided. 

As  the  road  (Operated  twenty  hoiu's  |)er  da\'  during-  the  week 
and  only  a  few  hours  less  on  Sunday,  there  was  barely  time  to 
make  the  most  urgent  repairs.  The  main  effort  was  to  keep  the 
plant  going,  consequently  but  scant  attention  was  given  at  first 
to  the  boiler  tubes,  stoker  mechanism,  feed  water  purifiers  and 
economizers.  The  results  were  not  immediately  ajiparent,  but 
scale  and  (_)il  collected  in  the  boilers  to  such  an  amount  that  one 
hundretl  and  thirty-one  tubes  had  to  l)e  renewed  during  the  first 
four  months. 

It  is  not  to  be  wonderetl  at  that  thoi"e  were  some  accidents. 
Tt  is  surprising  that  they  were  not  more  serious.  The  staft  was 
neither  better  nor  worse  than  the  average.  The  men  were  being 
trained  under  high  jiressure.  The  main  question  was  whether 
the    plant   would   li\e   througli    its-  heroic    initiation.      Tt    did   li\e 
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through  it.  but  the  first  month's  operati(jn  was  a  severe  handicap 
on  the  whole  undertaking.  The  public  was  disappointed  with 
the  initial  service  and  lost  a  certain  amount  of  confidence  in 
heavy  electric  traction.  The  staff  had  a  bitter  experience  and 
naturally  l)lamcd  all  the  troubles  on  the  apparatus,  and  thus  the 
usual  i)reju(lice  against  anything  new  was  all  the  harder  to  dis- 
pose of.  However,  the  routine  of  regular  operation  was  gradually 
attained,  and  notwithstanding  the  first  month's  mishaps,  the  con- 
tractors' guarantee  for  the  first  year's  operation  was  more  than 
met  and  the  plant  established  a  record  for  economic  running  that 
is  among  the  best  in  the  kingdom. 

The  regret  is  that  the  strain  and  disappointment  incident 
to  the  first  month's  operation  should  have  occurred  at  all.  It 
was  quite  unnecessary.  My  contention  is,  that  had  the  transition 
period  extended  over  six  weeks  instead  of  nine  hours,  with  the 
contractors  in  full  charge  of  the  electric  operation  during  the 
mixed  service,  the  new  system  would  have  been  brought  into 
full  swing  without  a  serious  hitch. 

Note. — In  the  next  issue  Mr.  Kirker  will  take  up  the  change-over  from 
steam  to  electric  service  on  the  London  Metropolitan  Railway  and  give  a 
brief   comparison   of  these   two   methods  of  inaugurating  electric  service. 


ARC  LIGHTING 

R.  H.  HENDERSON 

Assistant  Superintendent,  Newark  Works,  Westinghouse  Electric  &  Mfg.  Company 

ALTHOUGH  there  are  tens  of  thousands  of  enclosed  arc 
lamps  installed  in  all  parts  of  the  country,  very  little  in 
proportion  to  their  use  has  been  written  concerning  their 
design,  operation  and  maintenance.  Being  adapted  to  almost  every 
kind  of  commercial  circuit,  their  importance  in  the  equipment  of 
a  modern  central  station  cannot  be  overestimated.  Broadly  speak- 
ing, there  are  certain  fundamental  elements  of  arc  lamp  design 
which  must  be  found  in  all  lamps,  no  matter  whether  for  alternat- 
ing or  direct  current,  multiple  or  series. 

DETAILS  OF  ARC   ENCLOSURE 

Primarily  too  much  attention  cannot  be  paid  to  the  details  of 
the  arc  enclosure.  The  gas  check,  or  bulb  cap,  as  it  is  sometimes 
called  must  have  the  surface  against  which  the  inner  globe  rests, 
machined  true  and  smooth  in  order  to  make  the  joint  as  nearly  air 
tight  as  possible.  This  is  of  the  greatest  importance,  and  in  the 
case  of  lamps  for  high  tension  this  gas  check  should  preferably  be 
made  of  some  heat  resisting  material  with  high  insulating  qualities, 
with  a  surface  for  the  inner  globe  seat  which  will  not  corrode  nor 
deteriorate.  The  finer  grade  of  soapstone  has  been  very  success- 
fully used  for  this  purpose.  Furthermore,  in  operating  lamps  the 
greatest  care  should  be  exercised  in  trimming  to  see  that  the  inner 
globe  rests  uniformly  and  evenly  on  the  finished  surface  of  the  gas 
check  with  a  moderate  pressure.  If  this  pressure  is  too  great  it 
will  result  in  the  cracking  or  chipping  of  the  inner  globe,  general- 
ly at  the  point  of  contact.  Aside  from  the  destruction  of  the  inner 
globe  the  life  of  the  carbons  will  be  shortened  directly  in  propor- 
tion to  the  amount  of  air  admitted  to  the  globe  through  the  fracture. 
The  extreme  condition  would  be  in  the  case  of  an  inner  globe  being 
broken  entirely  so  as  to  form  no  enclosure  for  the  arc  on  a  lamp 
which  was  not  fitted  with  an  outer  globe.  Tn  this  case,  the  life  of 
the  carbon,  burning  freely  in  the  air,  would  be  between  six  and 
seven  hours,  while  the  same  carbon  burning  in  a  proper  enclosure 
would  last  probably  from  lOO  to  150  hours.  So  it  is  evident  that 
there  is  no  economy  in  using  chipped  or  cracked  inner  globes, 
owing  to  the  greatly  decreased  carbon  life  ami  the  attendant  dis- 
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advantagfc  and  expense  of  havin<^  to  trim  certain  lamps  on  a  circuit 
before  the  carbons  in  the  others  arc  burned  out.  Oftentimes,  there 
is  also  an  outaji^e  charn^e  for  such  lamps  which  is  deducted  by  the 
cily  or  town,  from  the  earnings  of  the  central  station.  Outer 
globes  should  be  kept  up  on  street  systems  for  the  same  reason,  as 
their  purpose  is  to  protect  the  intensely  heated  surface  of  the  inner 
globes  against  rain  and  snow. 

BUSHINGS    FOR    THE    CARBONS 

Aside  from  the  seat  for  the  inner  globe  the  most  important 
feature  of  a  gas  check  is  the  center,  or  bushing,  through  which  the 
carbon  passes.  This  center  must  be  designed  with  two  different 
and  distinct  ends  in  view,  one  is  to  provide  a  smooth  accurately 
fitted  bushing  through  which  the  carbons  must  pass  freely,  the 
clearance,  however,  must  not  be  greater  than  a  few  thousandths  of 
an  inch,  for  if  it  is  more  the  life  of  the  carbons  will  be  materially 
reduced.  The  second  requirement,  often  made  of  this  bushing  is 
that  it  should  act  as  a  relief  valve  for  the  explosion  of  gases  in  the 
inner  globe.  This  explosion  is  quite  severe  and  takes  place  general- 
ly when  a  lamp  is  turned  on  after  being  out  from  seven  to  ten  min- 
uts,  due  to  an  explosive  mixture  of  gases  which  forms  in  the  inner 
globe.  This  mixture  is  ignited  by  the  arc  when  the  lamp  is  again 
switched  on.  To  meet  this  requirement  these  bushings  are  ar- 
ranged so  as  to  have  a  slight  vertical  movement,  allowing  them  to 
be  lifted  by  the  gases  in  such  a  manner  as  to  open  ports  for  equal- 
izing the  pressure  with  the  atmo'sphere,  thus  tending  to  neutralize 
the  effect  of  the  explosion  and  the  accompanying  breakage  of  inner 
globes.  The  best  practice  in  meeting  these  conditions  seems  to 
consist  in  making  the  gas  check-plate  of  metal  with  an  insulated 
center  bushing  for  low  tension  lamps,  and  the  reverse  in  high  ten- 
sion lamps. 

The  question  of  open  and  closed  bottom  inner  globes  has  been 
debated  for  some  time,  but  the  best  practice  indicates  that  the 
closed  bottom  inner  will  soon  be  the  standard.  The  closed  bottom 
globe  certainly  possesses  the  obvious  advantage  of  having  only  the 
one  aperture  to  keep  tightly  closed  in  (Operation  while  the  open  bot- 
tom has  two,  with  twice  the  chance  for  air  leakage.  Perhaps  every 
metal  and  alloy  which  is  available  for  ordinary  manufacturing  pur- 
poses has  been  used  for  carbon  holders  in  inner  bulbs,  but  practice 
has  demonstrated  that  iron,  both  cast  and  wrought,  is  the  only  metal 
which  will  successfullv  withstand  the  heat  of  the  arc  and  not  be 
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deposited  on  the  inside  of  the  globe  either  in  the  form  of  dust  or 
a  brownish  scale,  which  unites  with  the  glass  and  cannot  easily  be 
removed.  It  is  necessary,  however,  to  make  the  carbon  bushing 
of  some  metal  which  will  not  oxidize  as  easily  as  iron.  On  account 
of  the  small  clearance  between  it  and  the  carbon,  brass  is  entirely 
suitable  for  this  purpose  as  the  bushing  is  not  really  inside  of  the 
inner  globe. 

CLUTCHES 

Almost  as  important  as  the  proper  enclosure  and  combustion 
conditions  in  the  arc,  is  the  question  of  the  clutch.  Probably  more 
different  forms  of  clutches  have  been  made  than  any  other  part  of 
the  mechanism,  yet  viewed  by  present  day  standards,  it  is  the  sim- 
plest thing  in  the  lamp.  A  clutch  cannot  be  made  of  metal  unless 
it  is  well  insulated,  which  is  quite  a  difficult  matter.  If  it  is  not 
insulated,  and  the  upper  carbon  is  not  firmly  seated  in  its  holder, 
the  clutch  will  attempt  to  carry  current  to  the  carbon  with  the  in- 
variable result  that  the  clutch  is  injured  by  having  its  edges  fused 
at  the  point  of  contact  with  the  carbon.  Again,  a  clutch  with  many 
pieces,  is  all  the  more  liable  to  get  out  of  order,  so  the  simplest 
possible  clutch  has  been  found  to  be  most  effective,  that  is,  a  porce- 
lain ring  mounted  in  a  sheet  metal  basket  or  punching.  It  is  me- 
chanically strong  and  will  never  carry  current. 

DASH   POTS 

Dash  pots  are  of  like  importance  and  should  be  designed  ami 
manufactured  with  the  utmost  care.  The  cylinders  should  be  as 
round  and  of  as  uniform  diameter  as  it  is  possible  to  obtain  them, 
valve  seats  should  be  accurately  machined  and  the  plungers  fitted 
with  the  greatest  care  so  that  each  dash  pot  will  operate  in  about 
the  same  time  as  every  other  one.  Also  they  must  not  bo 
affected  by  wide  variations  in  temperature.  To  meet  these  require- 
ments practically  all  dash  pots  are  now  being  made  of  graphite  and 
brass,  since  graphite  has  a  practically  negligible  temperature  co- 
efficient, and  works  excellently  as  a  plunger  in  a  brass  cylin<lor. 

SHORT-CIRCUITING  SWITCH KS 

The  short-circuiting  switch  would  seem  to  be  a  simple  thing 
but  it  may  easily  be  a  continual  source  of  trouble,  on  account  of 
the  way  it  is  abused  especially  on  inside  lamps.  In  commercial 
service,  lamps  are  generally  liiuig  fifteen  or  twenty   feet  from  the 
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tioor  and  are  seldom  wired  in  such  a  manner  as  to  be  controlled 
by  wall  switches,  so  a  long  pole  in  the  hands  of  a  janitor  is  general- 
ly used  to  knock  the  switch  back  and  forth.  Such  treatment  de- 
mands a  strong  and  simple  switch.  If  there  are  no  moving  wires 
it  is  so  much  the  better,  as  such  wires  harden  or  crystallize  in  the 
course  of  tame  and  break  off,  makiuig  the  switch  useless  until  re- 
paired. The  best  switch,  therefore,  is  one  fitted  with  a  substantial 
handle,  working  between  two  positive  stops  and  having  a  blade 
made  entirely  of  insulating  material  with  a  contact  button  inserted 
in  it,  constructed  in  such  a  manner  as  to  be  forced  between  two 
stationary  contacts  to  close  the  switch  circuit  and  away  from  them 
to  open.  This,  obviously,  does  away  with  all  necessity  for  moving 
wires  and  provides  a  switch  that  is  practically  indestructible. 

BINDING    POSTS 

Binding  posts  also  might  be  considered  of  small  importance  to 
a  superficial  observer  but  they  assume  new  proportions  when  we 
stop  to  think  that  in  the  case  of  series  street  lamps,  for  instance, 
they  are  exposed  contacts  carrying  potentials  as  high  as  loooo 
volts,  and  in  some  cases,  they  have  to  perform  double  duty  and  sup- 
port the  supply  lines  leading  from  the  pole  to  the  lamp.  Practical 
operation  has  proven  that  these  binding  posts  should  be  compactly 
built,  fitted  with  two  screws,  drilled  out  for  wire  as  large  as  No.  4 
B.  &  S.  giiage,  and  thoroughly  protected  by  heat  and  moisture- 
proof  insulation,  preferably  porcelain,  arranged  in  the  form  of  an 
insulator  for  outside  service. 

ALIGNMENT   OF   PARTS 

Proper  alignment  should  be  secured  in  a  lamp  by  reason  of  the 
elements  of  its  structural  design.  In  other  words  a  lamp  should 
be  built  so  that  it  will  be  unnecessary  to  line  it  up  after  assembling. 
The  parts  should  go  together  in  such,  a  way  as  to  effectually  take 
care  of  the  alignment  without  further  labor.  If  a  lamp  movement 
is  not  in  proper  ahgnment,  trouble  is  to  be  expected  from  the  upper 
carbon  sticking,  either  in  its  guides  or  in  the  gas  check  center.  One 
of  the  best  ways  to  preserve  alignment  is  to  use  a  rigid  center  tube 
construction,  with  a  sheath  or  holder  inside  of  it  for  the  upper 
carbon.  In  this  method  the  sheath  is  connected  in  the  circuit  by 
means  of  a  flexible  conductor,  which  may  be  either  inside  or  out- 
side of  the  tube.  The  tube,  however,  must  either  be  slotted  or  pro- 
vided with  some  other  ample  means  for  ventilation.     If  this  is  not 
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done  the  heat  from  the  arc  will  be  retained  in  the  tube  and  will 
soon  destroy  the  flexible  cable.  Various  attempts  were  made  in 
the  early  days  of  enclosed  arc  lighting  to  supply  current  to  the 
upper  carbon  without  using  a  cable,  but  one  by  one  they  proved 
their  inadequacy  and  were  discarded  in  favor  of  the  cable  which 
is  the  standard  to-day. 

GENERAL   CONSIDERATIONS 

It  is  very  gratifying  to  note  that  many  of  the  features  of  lamp 
construction  and  design  which  have  been  outlined  in  this  article, 
are  being  carried  out  to-day  in  the  best  modern  practice,  and  that 
arc  lamp  buyers  in  general  are  beginning  to  discriminate  against 
cheap  lamps.  The  time  is  rapidly  approaching  when  operating 
men  w^ill  fully  realize  the  importance  of  building  a  lamp  of  the 
best  possible  material,  with  the  highest  grade  of  insulation  that 
can  be  obtained,  combined  with  workmanship  of  a  good  quality, 
and  painstaking  shop  inspection  and  testing.  The  question  may  be 
asked  as  to  why  all  this  is  necessary  but  a  consideration  of  the 
conditions  will  make  the  reasons  evident,  especially  on  the  high 
tension  alternating-current  series  systems.  Lamps  for  this  service 
muist  operate  on  circuits  of  up  to  loo  lamps,  with  a  potential  of 
over  9  ooo  volts,  and  they  must  continue  to  operate  in  rain,  sleet, 
snow,  under  widely  varying  temperature  conditions  and  in  the  most 
exposed  places.  Other  apparatus  for  such  voltages  is  protected  in 
every  way  possible  by  means  of  heavy  metal  cases,  large  porcelain 
insulators  and  is  immersed  in  oil  wherever  possible.  All  of  these 
methods  of  protection  are  obviously  out  of  the  question  in  arc  lamp 
design,  yet  alternating-current  series  lamps  must  not  only  withstand 
these  voltages  but  must  accurately  separate  and  maintain  an  arc 
between  a  pair  of  carbons.  Moreover,  other  exposed  parts  of  a 
high  tension  equipment  are  held  rigidly  in  some  such  place  as  on  a 
pole  or  a  building  wall,  while  a  lamp  is  at  the  mercy  of  every 
breeze  or  gale  that  blows,  being  supported  in  most  cases  at  the 
end  of  a  light  mast  arm,  or  at  the  center  of  a  slender  span  wire. 
These  operating  difficulties  certainly  indicate  that  it  is  impossible 
to  exercise  too  much  care  in  the  design,  maiuifacturc  and  ojXTa- 
tion  of  lamps  for  outdoor  service. 

CLASSIFICATION   OF    LAMPS 

Tn  taking  up  the  matter  more  specifically  it  should  be  noted 
that  there  are  three  broad  classifications  of  arc  lamps  adapted  to 


270 


THE  ELECTRIC  JOURNAL 


operate  on  the  different  commercial  systems  such  as  incandescent, 
ix)vver  and  street  railway  equipments.  The  first  are  generally 
styled  multiple  lamps  and  operate  on  no  and  220  volt  direct-cur- 
rent and  no  volt  alternating-current  constant  potential  circuits; 
the  second  class,  series  lamps,  which  operate  on  both  alternating 
and  direct  constant  current  circuits,  and  the  third  class  which  is 
a  combination  of  the  first  and  second  in  which  lamps  operate  in 

multiple-series  on  constant  potential  cir- 
cuits. Practically  all  of  the  electrical  and 
mechanical  characteristics  noted  in  the 
first  part  of  this  article  are  common  to  all 
of  the  commercial  types  of  lamps,  and  in 
the  brief  specific  descriptions  which  follow 
it  should  be  understood  that  gas  checks, 
clutches,  dash  pots,  etc.,  have  been  de- 
scribed in  detail  and  will  only  be  men- 
tioned in  the  descriptions  as  the  need 
arises. 

DIRECT-CURRENT   MULTIPLE  LAMPS 

On  account  of  so  many  isolated  plants 
using  no  volts  direct-current  and  on  ac- 
count of  many  of  the  larger  cities  having 
220  volt  direct-current  three-wire  systems 
a  large  number  of  arc  lamps  suitable  for 
direct-current  constant  potential  circuits 
are  in  operation.  Solid  carbons  are  invari- 
ably used  in  these  lamps,  generally  a 
twelve  inch  upper  and  a  five  or  five  and 
one-half  inch  lower  From  the  circuit  dia- 
gram. Fig.  I,  it  will  be  seen  that  this  lamp 
FIG.  I— CIRCUIT  DIAGRAM  OF  cousists  cssentially  of  a  pair  of  carbons,  a 
A  DIRECT-CURRENT,  MULTi-   rcsistaucc   and   m'agnets    for   striking   the 

PLE,   1 10  AND  220  VOLT  ARC  ^  •         i  i  i 

LAMP  arc.    A  dash  pot,  not  shown  m  the  sketch, 

is  used  to  steady  the  arc.  On  the  no  volt  multiple  lamp,  the  resist- 
ance, B,  is  usually  wound  with  enough  wire  to  enable  it  to  be  used  on 
circuits  of  from,  100  to  125  volts  and  should  be  set  so  as  to  have 
an  arc  voltage  of  approximately  80.  This  resistance  and  the  mag- 
net spools  should  be  as  nearly  fireproof  as  possible.  ^luch  trouble 
was  occasioned  with  the  first  enclosed  arcs  by  reason  of  the  resist- 
ance, which  generally  consisted  of  spring-like  coils  of  wire  stretch- 
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ed  just  enough  to  separate  the  turns  and  prevent  them  from  touch- 
ing. Such  resistances  gave  very  poor  results,  for,  as  they  heated 
up,  the  wire  in  the  coils  lengthened  sufficiently  to  short-circuit 
whole  sections,  with  the  inevitable  destruction  of  the  resistance  and 
the  lamp  windings.  The  resistance  spool  shown  in  the  circuit  dia- 
gram does  not  have  this  defect,  consisting  as  it  does  of  a  large 
porcelain  spool  with  such  deep  grooves  in  its  outer  surface,  that  it 

is  impossible  for  the  heat  to  stretch  the 
wire  enough  to  short-circuit  between 
grooves.  Such  a  resistance,  combined 
with  magnet  spools  rendered  as  fireproof 
as  possible,  and  proper  structural  details, 
make  a  very  satisfactory  lamp.  The 
commonest  trouble  is  improper  arc  volt- 
age. If  this  voltage  is  more  than  85, 
the  arc  is  liable  to  be  very  unsteady  and 
more  of  the  resistance  should  be  cut  in ; 
if  lower  than  75  the  light  is  poor  and 
the  carbon  tips  oftentimes  glaze  over 
with  a  sort  of  slag  formation  which  seri- 
ously interferes  with  the  proper  mainte- 
nance of  the  arc.  This  condition,  being 
the  reverse  of  the  preceding  case,  re- 
quires that  some  of  the  resistance  be  cut 
out.  \Mth  the  220  volt  direct-current 
lam])  the  arc  voltage  ranges  from  140  to 
1^15  at  three  am]:)cres  according  to  the 
voltage  of  the  su])ply.  r)Oih  the  no  and 
220  volt  lamj^s  increase  the  vtiltage  at 
the  arcs  slightly  when  burning  with 
chip])cd  or  broken  inner  globes,  and  the 
glassware  should  be  inspected  when  K^ig 
or  unsteadv  arcs  arc  observed. 
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FIG.    2 — CIRC  TIT     I)IA(;R.\M 

A  niRF.CT-CCRRENT  SF.KIES 
ANP  SERIES  MUI.TU'I.E  ARC 
LA  M  P 


i)iui:ct-curkI':nt   si-:rif.s   lamps 


Other  lamps  for  the  direel-eurrenl  service  arc  the  series  lamps 
for  constant  current  circuits  and  the  multii)le-series  for  street  rail- 
way and  power  circuits.  The  latter  is  practically  the  same  as  the 
series  except  that  it  lias  an  arc  compensating  resistance  which  is 
cut  in  automatically  if,  for  any  reason,  the  lamp  fails  to  start,  thus 
maintaining  the  current  as  constant  as  possible  for  the   remaining 
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lamps  in  the  series  across  the  500  or  220  volt  mains.  The  circuit 
diagram,  Fig,  2,  shows  the  main  features  of  this  lamp — a  series 
coil  adapted  to  separate  the  carbons  and  strike  the  arc  by  lifting 
one  end  of  a  pivoted  feed  lever ;  a  shunt  coil  working  on  the  op- 
posite end  of  the  feed  lever,  electrically  connected  around  the  arc 
and  arranged  to  work  against  the  pull  of  the  series  coil,  trip  the 

clutch,  and  thus  cause  the  carbons  to  feed 
together  as  they  burn  away.  The  dash 
pot  performs  its  usual  function  in  (lamp- 
ing the  movement  and  preventing  fluctua- 
tions of  the  arc.  The  weight  shown  on 
the  feed  lever  permits  of  accurate  arc  ad- 
justment, being  mounted  on  a  threaded 
stud.  A  switch,  not  shown  in  the  figure, 
is  provided  on  the  series  lamp.  Solid  car- 
bons are  used  in  all  cases  and  the  arc  volt- 
age is  approximately  80.  The  chief  oper- 
ating troubles  are  caused  by  unnecessary 
friction  in  the  lamp  mechanism  and  break- 
age of  glassware,  which  are  really  general 
troubles  and  are  liable  to  be  encountered 
on  all  types.  It  is  a  good  rule  to  follow  at 
all  times  in  this  class  of  apparatus,  to  have 
everything  which  moves  reasonably  loose 
and  free.  Close  adherence  to  this  rule 
will  save  many  dollars  in  outages  in  the 
course  of  a  year. 

ALTERNATING-CURRENT      MULTIPLE     LAMPS 

The    alternating-current    multiple  lamp 
is  very  similar  to  the  direct-current  multi- 
FiG.  3-ciRcuiT  DIAGRAM   OF  P^s  lamp  and  differs  from  it  only  in  a  few 
AN  ALTERNATING-CURRENT,  details.     A  rcactancc  coil  is  used  instead 

MULTIPLE,      1 10      VOLT      ARC        r   , ,  .     .  ,    ,,  .  ^„^    „  ^^ 

L^j^jp  of  the  resistance  and  the  magnet  cores  are 

laminated.  This  constitutes  the  chief  dif- 
ference from  a  structural  view  point.  Fig.  3  shows  the  major  details 
of  this  lamp.  The  voltage  adjustment  shown  on  the  reactance  coil 
allows  for  line  voltages  from  100  to  125  and  the  alternation  ad- 
justment makes  it  possible  to  use  the  lamp  on  any  frequency  from 
i6cxx)  to  7200  alternations.  In  special  cases  these  lamps  are  oper- 
ated on  circuits  as  low  as  6  000  alternations ;  below  this  the  alterna- 
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tions  become  visible  to  the  eye,  which  is  objectionable  for  general 
commercial  lighting.  It  is  possible  to  make  an  alternating-current 
multiple  lamp  almost  fool-proof  which  is  without  question  a  de- 
sirable attribute  for  any  piece  of  electrical  apparatus.  Tliis  is  large- 
ly accomplished  by  treating  the  coils  so  as  to  make  it  impossible 
to  burn  them  out  in  a  reasonable  time  even  though  the  carbons 
should  slip  together.  A  lamp  with  this  feature  is  certainly  to  be 
recommended  as  the  necessity  for  repairs  to  windings  is  almost  en- 
tirely, if  not  quite,  eliminated.  The  arc  voltage  on  this  lamp  should 
be  about  ^2  volts.  If  set  much  longer  the  lamp  will  rupture  the 
arc  and  chatter,  if  much  shorter  the  carbons  will  glaze  and  the  light 

will  be  poor. 

ALTERNATING-CURRENT   SERIES   L.\MPS 

The  alternating-current  series  lamp 
is  closely  allied  to  the  multiple  lamp 
and  has  many  features  which  are  very 
similar.  There  never  has  been  a  more 
important  advance  made  in  arc  lighting 
than  was  made  by  the  introduction  of 
the  constant  alternating-current  series 
system  suitable  for  operation  on  con- 
stant potential  alternating-current  bus 
bars.  This  was  made  possible  by  the 
constant  current  regulating  trans- 
former. It  is  primarily  a  transformer, 
FIG.  4— CONSTANT  ALTERNATING-  rccciving  any  commercial  bus  bar  volt- 
cuRRENT    REGULATING  TRANS-  agc  and  raisiug  or  lowering  it  to  meet 

the  demands  of  the  circuit  whether  it 
be  50,  75  or  100  lamps;  secondarily  it  is  a  regulator  delivering  a 
constant  current  from  no-load  to  full-load.     See  Fig.  4. 

The  auxiliary  apparatus  pertaining  to  the  alternating-current 
series  system  consists  of  a  regulating  transformer  with  the  primary 
connected  to  the  source  of  supply  and  with  the  secondary  connect- 
ed to  the  line.  In  this  line  the  lamps  are  connected,  together  with 
suitable  protective  and  switching  devices,  an  ammeter,  and  a  safety 
coil.  From  this  coil,  low  tension  leads  are  brought  out  making  it 
possible  to  use  the  altcrnating-cin-rcnt  series  lamp  for  interior  il- 
lumination. 

The  diagram  of  comiections  for  the  allernating-current  series 
lamp  is  shown  in   iMg.  5,  an  inspection  of  which  will  make  it  evi- 
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dent  that  it  is  very  similar  to  tlve  direct-current  scries  and  uiultii>lc 
series  iani]).  The  movement  is  a  differential  one  with  a  startinj,^ 
resistance  desig-iied  to  permit  just  enoug-h  current  to  pass  tlirough 
the  series  coils  to  start  the  lamp,  if  the  carbons  are  not  burnefl  out, 
in  which  case  the  resistance  would  carry  the  full  working-  circuit, 
thus  permitting-  the  other  lamps  in  the  circuit  to  operate  without 

interference.  The  automatic  cut-out 
indicated  in  the  tigure  is  sometimes 
the  cause  of  considerable  trouble  and 
should  be  carefully  designed.  The 
cut-out  has  a  phosphor  bronze  spring 
faced  with  coin  silver  contagts  three- 
eighths  of  an  inch  square.  Again, 
the  center  tube  construction,  as  shown, 
gives  great  rigidity,  insures  align- 
ment, and  facilitates  repairs,  it  being 
possible  to  take  out  the  entire  move- 
ment intact  and  completely  assembled 
on  the  center  tube.  Care  should  be 
exercised  to  have  these  lamps  adjusted 
to  burn  an  arc  of  y2  volts,  but  read- 
ings should  never  be  taken  on  arc 
lamps  of  any  description,  if  accuracy 
is  desired,  until  they  have  been  in  op- 
eration for  at  least  two  hours  and  are 
thoroughly  heated.  Such  readings 
should  also  be  taken  with  carbons  that 
have  been  burned  and  are  of  an  aver- 
age length.  In  the  case  of  alternating- 
current  series  lamps  one  carbon  must 
be  cored  and  the  other  solid.  Cored 
carbons,  however,  are  sometimes  used 
for  both  upper  and  lower. 

In  general,  careful  attention  to  the 
length  and  size  of  carbons,  accurate  fitting  glassware,  and  the  habit 
of  keeping  the  lamps  free  from  dirt  will  be  well  repaid  by  more  effi- 
cient operation  and  reduced  outages. 


KIG.     5 — CIRCUIT    DIAGRAM    OF 
ALTERNATING-CURRENT 
SERIES  ARC  LAMP 


THE  AUXILIARY-POLE  TYPE  OF  MOTOR 

J.  M.  HIPPLB 

DURING  the  last  five  years  there  has  been  a  great  exten- 
sion in  the  use  of  variable  speed  motor  drives  for  ma- 
chine tools  and  other  apparatus  where  a  decided  gain  in 
efficiency  or  out-put  is  secured  by  the  use  of  such  drives.  The 
appreciation  of  the  advantages  gained  by  having  variable  speed 
drives  in  such  cases  led  at  once  to  the  application  of  the  individ- 
ual motor  drive  for  each  tool.  At  first  the  speed  variation  was 
obtained  by  a  constant  speed  motor  and  a  mechanical  speed- 
changing  device  between  the  motor  and  the  tool  or  by  a  com- 
bination of  a  small  amount  of  speed  variation  in  the  motor  and 
a  mechanical  speed-changing  device.  This  was  followed  later 
by  the  use  of  a  variable  speed  motor  in  which  a  wide  speed  range 
was  obtained  by  the  application  of  two  or  more  voltages  to  the 
motor  terminals,  intermediate  speeds  being  obtained  by  shunt 
field  control.  These  systems,  requiring  as  they  do,  a  special  gen- 
erating and  distributing  system  have  had  a  rather  limited  appli- 
cation and  have  led  to  a  demand  for  a  motor  in  which  all  the 
speed  variation  desired  may  be  ol)tained  in  the  iut)tor  itself  with- 
out the  necessity  either  of  a  variable  voltage  supply  or  mechanic- 
al speed-changing  device. 

Among  the  various  methods  in  use  for  controlling  the  motor 
speed,  the  simplest  and  most  efficient,  as  well  as  the  most  satis- 
factory in  speed  characteristics  is  the  single  voltage  direct-current 
system  in  which  the  variation  of  the  motor  speed  is  ()l)tained  !>}■ 
shunt  field  control.  A  constant  voltage  is  applied  to  the  motor 
armature  terminals  and  a  resistance  which  may  be  varied  in 
amount  is  inserted  in  scries  with  the  shunt  fieUl  of  the  motor. 
This  resistance  is  commonly  made  in  the  form  of  a  rheostat  or 
simple  type  of  controller.  The  currents  to  be  controlled  in  mak- 
ing speed  changes  are  small  in  value  and  therefore  easily  handled. 
The  insertion  of  resistance  in  the  shunt  field  circuit  varies  the 
strength  of  the  magnetic  field  and  as  the  strength  of  field  is  de- 
creased the  sjieed  of  the  niotcn-  is  increased  in  direct  proportion. 
(AITSK  OF  SPARKING 

An  ordinary  shunt  wound  motor  operating  under  the  above 
conditions  over  a  speed  range  of  four  to  one  will  spark  exces- 


276  THE  ELECTRIC  JOURNAL 

sivcly  at  the  l)riishcs  unless  the  motor  is  rated  consideraljly  under 
its  normal  capacity.  This  sparkinjr  is  due  principally  to  the 
weakened  magnetic  field  and  to  the  distortion  or  shifting  of  this 
field  due  to  reaction  on  it  by  the  field  produced  by  the  ampere 
turns  in  the  armature.  When  operating  a  variable  speed  motor 
at  the  lowest  speed  with  the  full  strength  of  field  this  distortion 
does  not  occur  to  any  marked  degree  and  the  brushes  can  be  set 
in  a  position  to  give  sparkless  commutation  from  no-load  to  a 
considerable  overload.  If  the  brushes  are  left  in  this  position  and 
the  field  weakened  to  give  a  speed  four  times  the  minimum,  dis- 
tortion of  the  field  does  occur  and  the  result  is  that  the  neutral 
point  or  point  of  good  commutation  is  shifted  so  far  away  from 
the  brush  position  that  the  conditions  necessary  to  good  commu- 
tation are  destroyed  and  sparking  results. 

EFFECT  OF  AUXILIARY   FIELD 

The  use  of  an  auxiliary  field  by  correcting  this  condition 
produces  sparkless  commutation  and  a  condition  of  practical  sta- 
bility of  field  and  consequently  of  speed  in  the  motor.  This 
auxiliary  field  is  produced  by  a  winding  in  series  with  the  arma- 
ture and  placed  on  pole-pieces  midway  between  the  main  pole- 
pieces.  The  best  results  are  obtained  by  so  winding  the  coils  of 
the  auxiliary  winding  that  all  of  the  turns  are  located  as  near  as 
possible  to  the  armature  surface.  This  applies  the  corrective 
force  of  the  auxiliary  winding  directly  opposite  and  close  to  the 
armature  surface  and  the  field  produced  by  this  winding  opposes 
and  compensates  for  the  field  produced  by  the  armature.  The 
distortion  at  the  point  of  commutation  which  would  occur  if  there 
was  no  auxiliary  winding  is  in  this  way  prevented  by  the  field 
produced  by  the  auxiliary  winding  and  in  addition  this  field  as- 
sists in  reversing  the  current  in  the  short-circuited  coil 
under  the  brush.  This  field  being  always  proportional  to  the 
load  the  commutation  is  accomplished  sparklessly  at  all  loads 
up  to  heavy  overloads.  A  motor  equipped  with  auxiliary  poles 
and  coils  of  this  type  is  shown  in  Fig.  i,  the  coils  being  placed 
in  the  most  eft'ective  position  for  securing  the  desired  results. 

COMPARISOX  OF  FIELD  FORMS 

The  relations  of  the  fields  produced  by  the  shunt  winding, 
the  armature  and  the  auxiliary  winding  are  shown  in  Fig.  2.  These 
curves  or  field  forms  are  plotted  from  measurements  taken  by 
running  a  five  hp,  400  to  i  600  r.p.m.,  motor  at  its  maximum  speed 
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and  measuring  the  potential  difference  between  commutator 
bars.  These  readings  when  plotted  with  voltage  between  bars 
as  ordinates  and  the  commutator  bars  between  positive  and  neg- 
ative brushes  as  abscissae,  give  a  graphic  representation  of  the 
shape  of  the  magnetic  field.  The  curves  shown  were  taken  under 
the  following  conditions :  Curve  A  shows  the  potential  differ- 
ence between  adjacent  commutator  bars  with  no  load  on  the 
motor.    It  is  therefore  the  field  form  produced  by  the  shunt  wind- 


I"1G.    I — VIEW    OF     .\iXILI.\KY     POLE     MOTOR     WITH     .ARMATURE, 
ONE  BE.\RING   AND   END   REMOVED,    SHOWING    ARRANGE- 
MENT OF  POLES  AND  FIELD  WINDINGS 

ing  alone.  Curve  B  shows  the  potential  difference  between  com- 
mutator bars  of  the  same  motor  with  full  load  on  the  motor  but 
without  auxiliary  poles  or  coils,  it  is  therefore  the  field  form  due 
to  the  shunt  winding  and  armature  reaction.  This  curve  shows 
the  distortion  caused  by  armature  reaction.  Curve  C  shows  the 
potential  dift'erence  between  adjacent  commutator  bars  of  the 
same  motor  with  full  load  on  the  motor  but  with  the  motor  equip- 
ped with  auxiliary  poles  and  windings.  It  is  therefore  the  field 
form  due  to  the  combined  shunt,  armature  and  auxiliary  windings. 
By  comparing  curves  B  and  C  it  may  be  seen  that  the  auxiliary 
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winding  overcomes  the  effect  of  armature  reaction  at  the  Inrushes 
and  produces  a  field  of  the  most  favoral>le  shape  for  good  commu- 
tation. Motors  which,  wlicn  operating  under  con(Htion  shown  l>y 
curve  B,  will  show  vicious  sparking  at  the  brushes,  will  operate 
sparklessly  under  the  condition  shown  by  curve  C.  Under  these 
conditions  troul)le  at  the  commutator  ])ractically  disa])i)ears  and 
Ihe  life  of  the  commutator  is  greatly  increased  and  perfect  re- 
liability of  o])eration  assured. 

The  particular  form  of  winding  descril)ed  above  is  in  real- 
ity a  com])ensating  winding  as  well  as  a  winding  to  produce  a 
commutating  field.  The  effect  of  armature  reaction  between 
the  main  poles  is  compensated  for  and  the  actual  magnetic  flux 


FIG.     2 — CURVES     SHOWING    FIELD    VVAVE.  FORMS    OF    AUXILIARY     POLE 

MOTORS 

A — WITH   NO  LOAD  AND   SHUNT  FIELDS   ONLY 

B — WITH   FULL  LOAD  AND  SHUNT  FIELDS  ONLY 

C — WITH  FULL  LOAD  AND  SHUNT  AND  AUXILIARY  FIELDS 

passing  through  the  auxiliary  poles  is  relatively  small.  The 
poles  are  therefore  not  saturated  and  even  at  heavy  overloads  the 
flux  passing  through  them  is  proportional  to  the  load. 

EFFICIENCY 

The  efficiency  of  the  auxiliary  pole  motor  is  practically  con- 
stant for  a  given  load  at  any  speed  within  its  range  as  the  only 
variable  losses  are  the  core  loss,  friction  losses  and  field  /-  R  loss- 
es.   The  core  loss  and  the  field  /-  R  losses  increase  with  increasing 
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speed  and  the  friction  losses  increase.  The  losses  thus  tend  to 
average  up  to  a  constant  total  giving  approximately  constant  ef- 
ficiency. 

REGULATION 

The  regulation  or  drop  in  speed  with  increase  in  load  is  low 
and  the  percentage  drop  remains  about  the  same  for  various 
speeds.  Curves  showing  the  regulation  of  this  type  of  motor 
at  the  extremes  of  speed  are  shown  in  Fig.  3. 

DIRECTIOX    OF    ROTATION 

Motors  of  this  type  are  re- 
versible with  no  change  in  set- 
ting of  brushes  or  other  ad- 
justment. The  brushes  being 
fixed  in  the  neutral  position 
it  is  only  necessary  to  reverse 
the  current  in  both  auxiliary 
field  and  armature  to  secure 
exactly  similar  operating  con- 
ditions in  the  reverse  as  in  the 
forward  direction. 

One  way  of  making  clear 
the  action  of  the  auxiliary  pole 
motor  is  to  consider  an  aux- 
iliary pole  as  the  pole  tip  of 
one  of  its  adjacent  main  poles. 
The  fringe  of  magnetic  lines 
under  the  tip  of  the  main  pole 
piece  in  an  ordinary  motor  is 

VIC.    1, — CURVES    SHOWUNC.    KEGILATKIN    AT   4OO       .  ^  .    ^ 

Rl-.M.    AND   .VT    1600   R.P.M.    OK    A    220-  of  gTCat   aSSlStaUCC    HI   COUimU- 

voLT,  5-110RSE  POWER  MOTOR  tatiug   tlic   amiaturc    current. 

In  the  auxiliary  pole  type  of  motor  the  auxiliary  pole  acts  as  the 
pole  tip  of  the  adjacent  pole  and  the  fringe  of  lines  under  it  is  pro- 
portional in  amount  to  the  strength  of  the  armature  current,  thus 
giving  an  ideal  condition  for  con.nuitation.  In  reversing  the  motor, 
since  the  current  in  the  auxiliary  winding  is  reversed,  the  auxil- 
iary pole  acts  as  the  tip  of  the  oilier  a<ljacent  main  pole.  l-"xactiy 
similar   conditions   therefore    prevail  for  either  direction  of  rotation. 
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THE  ELECTRIC  VEHICLE 

ITS  PRESENT  STATUS  AND  ITS  RELATION  TO  THE  CENTRAL  STATION 

[fAYDEN  FAMES 
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OST  people  base  their  ()i)inions  upon  the  relative  excellence 
or  suitability  of  various  types  or  makes  of  automobiles  or 
power  wagons  upon  the  off-hand  declaration  of  some  more 
or  less — generally  less — well  informed  acquaintance  who  frequently 
makes  up  by  the  emphasis  of  his  statements,  whatever  lack  of 
comprehensive  information  he  may  have  on  the  subject. 

There  are  so  many  good  makes  of  American  gasoline  touring 
cars  and  electric  pleasure  vehicles  that  the  resulting  selection  not 
infrequently  tends  to  enhance  the  usually  undeserved  reputation  of 
the  alleged  expert. 

When  it  comes  to  types  of  business  wagons,  and  the  form  of 
power  most  suited  to  Vv^agons  for  any  given  purpose,  something 
more  is  required  than  a  general  engineering  education,  casual  ob- 
servation on  a  particular  type  of  wagon  and  an  assertive  manner, 
to  keep  from  getting  into  trouble — or  at  least,  to  make  the  most  suit- 
able selection. 

In  considering  the  question  of  power  wagons,  urban  service 
and  interurban  service  must  be  separately  considered.  The  data, 
considerations  and  principles  controlling  one  service  are  quite  dif- 
ferent from  those  controlling  the  other. 

We  will  confine  ourselves  in  this  article  to  city  service  where 
both  gasoline  and  electric  vehicles  have  their  respective  places  and 
in  which  they  offer  superior  economy  over  any  other  form  of  trans- 
portation. While  the  conditions  are  so  various  that  no  definite  law 
can  be  laid  down  to-day  as  to  the  relative  suitability  of  application 
of  these  two  kinds  of  power  to  various  purposes,  or  even  a  law  gov- 
erning the  majority  of  cases,  it  can  in  general  be  stated  that  inider 
some  traffic  conditions  and  surface  requirements  the  superior  mobil- 
ity of  the  gasoline  vehicle  makes  the  saving  in  drivers  great  enough 
to  compensate  for  the  higher  maintenance  charges.  Where  the  lim- 
itations are  such,  however,  that  the  number  of  active  vehicles  re- 
quired has  to  be  about  the  same  in  each  case,  the  electric  vehicle 
becomes  more  economical  on  account  of  its  lower  maintenance 
charge.  Of  course  the  gasoline  vehicle  has  the  advantage  in  all 
fields   requiring   mileage   beyond   that   safely   and   conveniently   ob- 
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tained  by  the  electric,  but  the  greater  proportion  of  city  dehvery 
service  is  well  within  the  radius  of  travel  of  the  electric  vehicle. 

With  this  general  preliminary  statement,  we  may  omit  the  gaso- 
line vehicle  from  consideration  as  being  of  secondary  interest  to  the 
lighting  and  power  station  operators  to  whom  this  article  is  ex- 
pected to  be  of  especial  interest. 

In  view  of  the  greatly  advertised  and  somewhat  disastrous  ex- 
periences of  the  various  so-called  transportation  companies  in  at- 
tempting to  operate  cab  service  in  several  of  our  larger  cities  some 
five  or  six  years  ago,  we  assume  that  this  particular  class  of  readers 
must  have  obtained  a  very  adverse  idea  of  the  commercial  possibili- 


FIVE-TON    ELECTRIC    TRVCK 


Gear  speed  6.4  miles  per  hour.     BaUery  capacity  about  20  miles.     Leugth 
over  all,  17  feet.     Weight  complete  9700  lbs. 

ties  of  the  electric  vehicle,  more  especially  as  the  local  light  and 
power  companies  were  supposed  to  have  been  almost  invariably 
heavily  interested  as  stockholders  in  these  ventures.  At  least  one 
of  these  ventures,  which  was  subsequently  abandoned,  contained 
every  element  of  practical  success  except  a  single-minded  manage- 
ment. The  circumstances  which  led  to  its  abandonment  were  of 
such  a  nature  that  they  can  hardly  be  designated  as  due  to  incom- 
petence. It  must  be  obvious  that  the  employment  of  an  entirely  new 
and  necessarily  somewhat  imperfect  contrivance,  in  an  entirely  new 
kind  of  service,  embodying  main-  details  as  yet  in  a  backward  state 
of  development  in  their  sjiecial  api~>lioation,  required  men  not  only 
of  resource,  but  of  single-minded  determination  to  succeed.  In 
this  i^articular  in.-tance  men  of  resource  there  were,  and  the  ordinary 
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difficulties  wliicli  might  be  expected  under  the  circumstances  were 
more  or  less  easily  overcome;  the  engineering"  difficulties  to  whicii 
one  would  naturally  look  for  the  failure  of  such  an  organization 
were  kept  well  under  control  and  within  limits,  and  the  failure  of 
the  station  in  this  case  was  not  due  to  the  shortcomings  of  "the 
electric  automobile",  l)ut  to  performances  whicli  it  would  be  liar<lly 
suitable  or  necessary  for  us  to  enter  into  here,  but  which  had  no 
real  bearing"  upon  the  question  of  the  operation  of  electric  automo- 
bile cabs,  even  five  or  six  years  ago.  The  liquidation  or  abandon- 
ment of  all  the  other  similar  ventures  in  this  country  except  one, 
while  not  due  to  the  same  causes  as  in  the  case  above  cited,  were 
due  to  administrative  causes  equally  unessential  to  the  consideration 
of  the  possibilities  of  the  electric  automobile  for  such  service.  In 
the  remaining"  and  existing  case  it  is  generally  supposed  that  their 
receipts  considerably  exceed  the  expenditures ;  that  in  spite  of  many 
expensive  and  adverse  inheritances,  the  company  does  not  and  is 
not  expected  to  lose  money — a  really  remarkable  circumstance  in 
view  of  the  somewhat  ill-advised  conditions  under  which  it  was 
started. 

A  similar  adventure  in  London  came  to  an  adverse  conclusion 
because  it  was  started  simply  as  an  auxiliary  to  the  exploitation  of 
a  certain  storage  battery  company  instead  of  with  the  sole  view  of 
legitimate  commercial  profit  in  itself. 

It  seems  appropriate  to  refer  to  these  circumstances  as  the 
wide  advertisement  which  they  received  through  their  large  number 
of  stockholders  and  from  other  similar  causes,  accentuating  the 
results  without"  revealing"  the  somewhat  complex  causes,  has  played 
a  larger  part  as  a  basis  of  judgment  as  to  the  economy  of  electric 
vehicles  than  probably  any  other  single  collection  of  facts  or  ex- 
periences. It  seems  desirable  to  explicitly  state  at  the  beginning", 
therefore,  that  the  causes  producing  the  adverse  results  in  these 
special  cases  were  in  general  entirely  apart  from  any  question  as  to 
the  practicability  or  economy  of  the  vehicles  themselves,  even  of 
the  somewhat  imperfect  designs  of  that  day. 

Now  as  to  the  present  facts :  I  have  before  me  one  hundred 
and  four  con"iniunications  from  users  of  electric  business  wagons 
of  various  makes.  Of  these  forty  pronounce  their  new  service 
eminently  satisfactory,  after  a  period  varying  from  five  or  six 
months  to  several  years.  Twenty-two  more  pronounce  the  service 
satisfactory  and  of  advantage  over  their  previous  use  of  draft  ani- 
mals, but  with  possibly  less  enthusiasm  than  the  first  forty ;  of  the 
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remainder,  all  but  twenty  are  ambiguous.  Of  these  twenty,  four- 
teen pronounce  themselves  as  unsatisfied  for  various  alleged  causes, 
although  in  the  majority  of  instances  the  real  cause  is  unconsciously 
revealed  in  the  communication.  Six  only,  out  of  the  one  hundred 
and  four,  positively  condemn  the  new  method.  In  this  connection 
it  is  very  interesting  to  note  that  among  those  condemning  is  one 
user  operating  a  vehicle  in  the  same  service  and  in  the  same  town 
as  another  vehicle  of  the  same  type,  pronounced  by  the  other  user 
to  be  eminently  satisfactory.  In  this  case  it  is  a  question  of  "know- 
ing how  to  use  the  new  tool,"  and  this  is  generally  the  difficulty. 
"The  world  marks  the  hits  but  not  the  misses" — and  all  cases  of 
failure  are  actively  advertised,  but  the  power  wagon  has  now  de- 
veloped to  a  point  where  successes  are  taken  as  a  matter  of  course. 


EI,E(  TRIC    EXPRESS    WAGON 


Carr3'ing  capacity,  2500  lbs. Maximum  speed,    10  miles  per   hour.     Length 
over  all,  14  feet,  7  inches.     Weight  complete,  4800  Ihs. 


without  regard  to  the  resulting  original  inconsistency  involved 
thereby.  This  is  of  course  a  good  sign  of  mental  development, 
but  it  tends  to  postpone  the  day  when  those  who  enjoy  the  enumer- 
ation of  failures  will  take  the  trouble  to  so  inform  themselves  as 
to  reap  the  harvest  which  must  necessarily  result  to  all  important 
electrical  interests  when  this  form  of  motive  power  is  generally 
introduced. 

Very  few  of  those  with  electrical  engineering  educations  real- 
ize that  the  manual  care  of  an  electric  automobile  or  an  electric 
storage  battery  is  a  specialty.  They  seem  to  assume  as  a  matter  of 
course  that  if  one  is  familiar  with  the  care  and  operation  of  a  sta- 
tionary storage  battery,  or  even  if  one  is  familiar  with  the  electro- 
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chemical  reactions  taking  place  in  a  storaj^e  battery,  that  he  i.s 
fully  equipped  to  care  for  the  storaj^a'  l)attery  in  an  electric  auto- 
mobile, but  experience  has  proven  that  this  is  conspicuously  and 
unfortunately  not  so.  The  best  performances  of  storage  battery 
vehicles  covering  considerable  periods  have  been  made  under  the 
immediate  supervision  of  relatively  scientifically  ignorant  men,  who 
have  had  an  opportunity  to  thoroughly  familiarize  themselves  man- 
ually with  the  problem  at  hand,  and  who  are  themselves  of  superior 
natural  intelligence. 

The  most  satisfactory  urban  transportation  of  merchandise,  and 
the  cheapest  of  which  we  have  any  knowledge,  is  the  Adams  Ex- 
press service  in  Buffalo.  The  station  there  has  been  in  charge  of 
a  man  of  the  widest  experience  in  the  oversight  and  manual  opera- 
tion of  electric  vehicles  and  power  wagons  of  all  kinds,  who  is  ade- 
quately supported  by  an  agent  with  foresight.  While  the  informa- 
tion before  us  is  hardly  wide  enough  to  warrant  a  positive  state- 
ment, we  have  little  hesitation  in  venturing  the  assertion  that  this 
particular  installation  has  not  its  superior  in  the  world  for  economy 
and  delivery.  If  this  can  be  done  by  proper  management  at  Buf- 
falo it  can  be  done  elsewdiere,  and  if  the  local  electric  light  and 
power  station  refrains  from  attempting  to  "kill  the  goose  that  lays 
the  golden  egg,"  and  if  in  common  with  almost  all  other  commercial 
ventures,  it  is  willing  to  make  minor  present  sacrifices  for  large 
future  gain,  it  can  profit  greatly  by  similar  operations  in  its  own 
territory. 

In  considering  the  expense  of  operation  of  electric  automo- 
biles it  must  be  borne  in  mind  that  the  largest  single  item  of  ex- 
pense is  the  driver ;  the  next  most  important  item  is  that  of  mainte- 
nance, including  the  storage  battery,  which  should  be  treated  as  an 
expense  account  rather  than  an  investment,  as  it  is  really  "slow 
fuel."  Under  ordinary  circumstances  all  the  other  questions  are 
of  minor  consequence. 

It  must  also  be  borne  in  mind  that  in  considering  depreciation 
and  interest  a  storage  battery  with  promptly  renewed  elements  and 
properly  maintained,  together  with  the  motive  power,  or  at  least  the 
motors  themselves,  remain  in  good  condition  and  available  for  ap- 
plication to  other  vehicles  when  the  structure  of  the  vehicle  to 
which  they  are  applied  has  worn  out.  This  is  not  speculation,  but 
has  actually  occurred. 

A  very  considerable  item  in  the  maintenance  of  vehicles  lies 
in  the  rubber  tires.     These  are  verv  desirable,  if  not  a  necessity. 
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upon  vehicles  for  the  transportation  of  loads  of  (teamsters'  rating) 
under  2  000  pounds.  Above  that  rating  vehicles  can  be  advantage- 
ously equipped,  in  the  majority  of  cases,  with  wood  or  iron  tires, 
according  to  circumstances,  although  in  very  many  cases  through- 
out the  list  rubber  tires  will  be  used  as  a  luxury,  if  nothing  else, 
but  in  the  heavier  applications  they  should  be  regarded  and  treated 
as  such,  and  their  expense  of  maintenance  not  charged  against  the 
vehicle  as  an  essential.  The  best  performance  we  have  available 
on  the  part  of  any  express  wagon  was  that  of  two  years'  service 
of  an  express  wagon  in  the  use  of  one  of  the  largest  express  com- 
panies in  Pittsburg,  Pa.  This  vehicle  was  equipped  with  iron 
tires.  The  express  agent  who  had  the  matter  in  charge  had  the 
unusual,  practical  grasp  of  the  situation  to  begin  the  experiment 
by  withdrawing  all  the  horse  wagons  engaged  on  the  particular 
service  before  applying  the  electric  wagon  to  it.  He  began,  there- 
fore, by  trying  to  replace  four  single-horse  wagons  with  one  electric 
wagon  of  the  same  "rated  load"  capacity  and  requiring  the  local 
sub-agent  to  do  the  work  with  it.  As  a  result  of  this  sensible  and 
business-like  method  of  procedure  in  applying  any  kind  of  a  labor- 
saving  device,  only  one  of  the  four  horse  wagons  was  put  back 
into  the  district,  and  this  was  simply  necessary  as  an  available 
wagon  for  momentary  requirements  when  the  electric  wagon  was 
engaged  in  its  routine  delivery. 

It  would  be  perfectly  true,  therefore,  that,  thanks  to  the  ad- 
ministrative capacity  of  the  local  agent  in  appreciating  the  possibili- 
ties of  the  electric  wagon,  the  latter  accomplished  something  more 
than  the  work  previously  done  by  three  horse  wagons  of  the  same 
rated  load,  but  rather  than  introduce  the  assumptions  required  to 
make  the  comparison  exact,  the  table  given  below  assumes  that  the 
electric  wagon  did  the  work  of  the  three  wagons  which  it  actually 
replaced. 

It  is  interesting  in  this  connection  to  note  that  owing  to  the 
intelligent  manner  in  which  tire-calks  were  applied  and  winter  con- 
ditions met.  there  were  several  occasions  when  the  electric  wagon 
did  the  entire  work  of  the  district,  as  the  icy  streets  prevented  the 

use  of  the  horse  wagons. 

It  would  undoubtedly  be  no  exaggeration  to  say  that  in  the  two 
weeks  preceding  Christmas.  1902.  this  one  electric  wagon  easily 
did  the  work  of  five  single  horse  wagons  under  the  adverse  weather 
conditions  then  existing.  It  must  not  be  assumed  from  this  that  this 
is  a  perfornianco  that  can  be  imariably  expected.     The  agent  was 
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a  man  who  would  not  stand  for  defeat,  and  wlu-n  his  sub-a^enl 
used  the  words  "can  not,"  the  a^cnt  liinisclf  had  to  he  shown.  1-iut 
what  was  accomphslicd  in  this  case  can  be  accomplished  in  almost 
any  other  case,  but  it  would  be  hardly  correct  to  say  that  it  is  likely 
to  be,  because  men  are  rare  wlio  are  able  to  ,c;et  the  best  (jut  of  any 
piece  of  a])])aratus,  especially  if  it  happens  to  be  oi  a  ncjvel  char- 
acter. 

The  following  is  the  express  agent's  own  statement  of  the  com- 
parative conditions  which  his  memorandum  showed  at  the  end  of 
the  first  year,  and  in  so  far  as  they  were  assumptions  were  more 
than  confirmed  to  the  end  of  the  service.  This  table  has  been  ])ub- 
lished  before,  but  in  its  details  is  such  an  excellent  illustration  of  the 
principles  of  accounting  that  should  govern  work  of  this  kind  that 
it  is  worth  while  to  insert  it  here: 


HORSE  WAGONS 


ELECTRIC  WAGONS 


INVESTMENT 


ANNUAL   EXPENSE 


INVESTMENT 


3  Wagons  at  Interest  at  65$ $    69 

$175 ?  525 

4  Horses  at  \va(;ons 

^^^° __^  Depreciation  ;t 


Total  rolling 
stock fiibz 


io?f f'     52  50 

Repairs   at  ^35       105  00 


-$  157 


Depreciation  at 
20^ $  128  00 

Feed,  shoeing, 
care  and  sta- 
ble expense 
at  )?28.75  per 
month  j!345 
per    annum...  $1380  00 

Blankets,  sta- 
ble fixtures, 
harness  at  ^3 
per  month, 
$36  per  annum      144  00 

#1652 

MEN 

3  at  $45  per  month 1620 

^3499 


go  Total  rolling 

stock $1925 

Deduct     1% 
batteries 
at  $500 t.25 

Wagon  with- 
out  battery  $1300 

Deduct  Mo- 
tors        300 

Wagon  and 
remainder 
of  equip- 
ment   $1000 


annual    EXPENSE 

Interest  at  6* $  115  50 

BATTERIES 

Electric  cuirent,  care 
and  renewals  of  2 
sets  of  positives  and 
I  set  of  negatives 
per  annum 40000 

WAfiON 

D.preciation  of  motor 


Depreciation  of  re- 
mainder of  wagon 
at  lo^l 100 

Mechanical  repairs  at 
#g  per  month 108 


1    at    $60    per 

month S720  00 

I    at    ?45    per 

month 540  00 


Si 260  00 
$1998  50 


Annual  saving  Electric  over  Horse  Wagon $1500  90 


It  must  be  understood  that  this  vehicle  ran  winter  and  summer, 
and  that  wdien  ice  and  snow  were  on  the  ground  the  tires  were 
calked  or  "sharp-shod."  This  winter  shoeing  can  be  readily  accom- 
plished on  either  iron,  wood  or  rubber  tires  in  a  variety  of  ways 
which  are  entirely  satisfactory,  for  any  latitude  or  locality  in  which 
wheeled  vehicles  of  any  kind  generally  run  in  the  winter. 
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As  ail  example  of  the  peculiarly  meretricious  causes  that  tend 
to  retard  the  introduction  of  automobiles,  it  is  surprising  to  observe 
the  crude  methods  of  tire-calking  in  use,  even  in  successful  instal- 
lations, when  so  many  perfectly  satisfactory  methods  are  available. 

The  available  data  on  the  subject  of  cost  of  operation  of  various 
sizes  and  types  of  electric  vehicles  is  not  by  any  means  meager.  It 
will  probably  come,  happily,  as  a  surprise  to  know  that  in  reasonably 
severe  service  and  with  proper  care  a  light  wagon,  such  as  is  used 
by  laundries  or  milliners,  can  be  easily  operated  for  between  $500 
and  $600  per  annum,  including  interest  and  depreciation,  all  forms 
of  renewal,  but  not  including  driver.  This  is  on  a  basis  of  four 
cents  per  kw-hour  at  the  switchboard  for  charging  current.  On 
the  same  basis  a  five-ton  truck  can  be  operated  for  $1  500  per  year. 

In  order  to  get  the  best  economy  from  an  automobile  installa- 
tion the  vehicle  must  be  treated  as  a  labor-saving  machine,  and 
this  immediately  leads  to  another  cause  of  the  "brain-fog"  which 
generally  pervades  the  introduction  of  power  wagons.  With  our 
engineering  educations,  based  mainly  on  railway  practice,  it  is  very 
natural  that  we  should  turn  to  the  "ton-mile  per  vehicle,"  or  some 
other  similar  basis  of  comparison ;  but  experience  has  shown  that 
such  a  basis  is  just  enough  removed  from  the  actual  "constant"  as 
to  be  decidedly  misleading. 

The  real  question  which  it  is  necessary  for  us  to  ask  in  con- 
sidering the  substitution  of  power  wagons  for  draft  animals  in  a 
given  case  is :  How  much  less  will  the  power  wagon  cost  than  the 
draft  animals  to  affect  the  entire  service?  And  in  this  consideration 
should  be  considered  the  necessary  cost  of  the  original  stationarv 
installation  and  stable  investments  and  expenses  generally.  In  one 
case  that  has  come  under  our  attention,  the  cost  of  the  stationarv 
stable  investments  for  electric  vehicles  to  accomplish  a  given  service 
was  20000  odd  dollars,  as  compared  to  $80000  for  the  stationary 
investment  for  the  corresponding  horse  stable,  and  we  have  no  rea- 
son to  believe  that  this  was  an  unusual  case.  In  fact,  it  was  fairlv 
representative  of  a  very  common  kind  of  service. 

It  frecjuently  happens  that  upon  investigation  of  a  given  service 
the  re-arrangement  of  routes  made  possible  by  the  superior  speed 
and  endurance  of  the  power  wagons  in  itself  cft'ects  a  consiilerable 
saving  in  addition  to  that  saving  in  the  number  of  wagons  wliich 
lesults  from  the  cumulative  effect  of  a  number  of  minor  causes, 
which  experience  has  shown  to  be  very  effective  when  taken  to- 
gether.    In  many  cases  a  change  in   the  size  of  all  or  part  of  the 
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wagons  is  made  possible  by  the  superiorities  of  the  power  wagon, 
and  a  very  considerable  saving  in  drivers  and  other  items  affected 
thereby.  It  must  be  obvious  that  these  considerations  all  tend  to 
make  the  gross  requirements  of  the  service  the  only  real  constant 
which  can  form  a  true  basis  of  comparison.  Happily,  the  margin 
of  advantage  in  favor  of  the  power  wagon  when  reasonably  well 
cared  for  is  so  great  that  many  of  these  advantages  can  be  neg- 
lected and  still  preserve  some  of  this  advantage. 

All  of  the  above  statements  are  based  not  on  one  or  two  in- 
srances,  but  on  data  variously  collected  during  an  investigation  of 
some  seven  or  eight  years.  There  has  been  almost  no  change  in 
the  essential  details  of  electric  power  wagons  for  some  years  past, 
and  the  engineering  problems  to  accomplish  the  above  results  have 
all  been  solved.  The  subsequent  retarding  influence  to  their  intro- 
duction has  been  mainly  due  to  lack  of  data  on  the  part  of  the  pub- 
lic and  partial  ignorance  on  the  part  of  all  concerned,  coupled  with 
a  natural  hesitancy  resulting  from  the  wide  advertisement  of  the 
unfortunate  experiences  referred  to  in  the  first  part  of  this  article. 
It  is  high  time  that  the  electric  light  and  power  companies  were 
taking  some  steps  to  insure  that  they  shall  themselves  profit  in  some 
way  from  this  prospective  greatly  increased  demand  for  current. 

One  of  the  first  requirements  to  such  action  is  that  they  shall 
take  the  trouble  to  properly  inform  themselves  as  to  the  prospects, 
and  having  satisfactorily  assured  themselves  on  that  point,  to  take 
the  necessary  steps  to  encourage  and  advertise  the  introduction  of 
the  (to  them)  profitable  new  method  in  the  territory  fed  by  their 
wires.  With  the  proper  man  in  charge  of  the  station,  one  of  the 
most  lucrative  ventures  of  which  we  have  any  knowledge  is  that  of 
a  local  contract  delivery  service  involving  the  use  of  possibly  lOO 
light  wagons,  operated  together  on  behalf  of  a  number  of  customers, 
whose  individual  requirements  may  not  exceed  five  or  six  vehicles 
apiece,  and  one  relatively  expensive  expert  can  oversee  one  hundred 
of  these  wagons  or  more,  just  as  well  as  he  can  one  or  two.  The 
reason  for  this  must  be  obvious. 

These  vehicles  require  comparatively  little  care,  but  they  re- 
quire it  of  the  right  kind,  and  when  they  get  it  of  the  right  kind 
they  are  an  extremely  lucrative  possession.  Contracts  of  this  kind 
can  be  made  on  the  basis  of  a  stated  figure  per  package  and  be  de- 
cidedly to  the  advantage  of  both  customer  and  contractor  under 
proper  conditions  of  management  and  in  comparison  with  draft 
animal  service  at  present  employed. 

Another  field  in  which  the  electric  light  and  power  company 
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can  afford  to  take  heed,  and  immediate  heed,  is  that  of  the  pleasure 
automobile.  It  will  probably  come  as  a  surprise  to  those  outside 
of  New  York  City  to  know  that  one  electric  company  alone  is  hav- 
ing a  very  active  sale  for  electric  broughams,  and  that  this  sale  is 
continually  growing.  We  have  had  no  opportunity  to  verify  the 
figures,  but  our  own  observation  and  experience  leads  us  to  credit 
the  statement  that  these  are  being  sold  by  them  at  the  rate  of  one 
per  day,  and  have  been  for  some  time.  The  demand  to-day  for  elec- 
tric phaetons  exceeds  the  supply,  and  this  is  true  of  practically  all 
kinds  of  electric  vehicles. 

The  writer  operated  a  Columbia  electric  runabout  in  Pittsburg 
for  two  years  at  a  gross  expense  for  all  charges,  except  interest  and 
depreciation,  of  slightly  under  $8.00  per  month.  The  battery  in  this 
case,  however,  was  intelligently  left  alone,  and  the  garage  people 
were  not  allowed  to  tamper  with  it  except  to  charge  it  and  correct 
the  specific  gravity  of  the  electrolyte.  We  have  come  across  a  num- 
ber of  instances  in  Cleveland  where  Baker  electric  runabouts  have 
been  operated  for  less  than  $70.00  per  year.  We  do  not  wish  to  be 
understood  as  saying  that  this  is  the  rule.  It  is  at  present  the  ex- 
ception, but  there  is  no  reason  why  it  should  not  be  the  rule.  We 
know  of  many  cases  of  possible  customers  for  vehicles  of  this  kind 
in  the  suburbs  of  several  cities  who  are  deterred  from  using  them 
by  the  distance  of  the  nearest  garage  available  for  charging,  and 
the  desire  to  avoid  installing  a  charging  plant  of  their  own  on  rented 
premises.  We  believe  the  time  has  come  when  the  electric  light  and 
power  companies  can  profitably  consider  the  question  of  leasing  indi- 
vidual charging  apparatus  especially  suited  to  the  proper  use  of 
of  their  own  current  for  charging  private  vehicles.  A  comparatively 
few  figures  will  indicate  that  this  can  be  profitably  dcMie  under  con- 
ditions and  at  a  price  which  will  be  very  far  from  prohibitive  for 
this  class  of  customer. 

In  this  article  we  have  not  by  any  means  attempted  to  cover 
the  ground  and  have  endeavored  to  confine  our  details  and  figures 
only  to  those  wliich  were  essential  to  an  illustration  of  the  principles 
involved  and  an  understanding  of  the  lessons  learned.  If  the  elec- 
tric light  and  power  companies  at  present  in  existence  do  not  take 
advantage  of  this  active  opportunity,  it  will  certainly  be  done  by 
independent  capital,  to  their  great  disadvantage  and  they  will  find 
themselves  entirely  deprived  of  this  new  and  important  source  of 
revenue  by  the  extended  operation  of  influences  similar  to  those 
that  have  recently  operated  to  curtail  their  own  present  business  in 
many  of  our  cities. 


THREE-WIRE  DIRECT-CURRENT  GENERATORS* 

A.  H.   McINTIRE 

^■'^l  IE  three-wire  system  was  first  made  use  of  in  order  to 
I        obtain  the  saving  in  conductors  which  is  possible  by  this 
-^~      method.     It  is  now  in  general  use  for  lighting  and  power 
distribution. 

If  a  coni])arison  between  the  two-wire  and  the  three-wire 
systems  be  made  for  any  given  case  it  will  be  found  that  for  a 
given  percentage  drop  in  potential,  if  the  three-wire  system  be 
operated  with  a  voltage  between  the  outer  wires  and  the  neutral 
equal  to  that  of  the  two-wire  circuit,  and  if  the  middle  or  neutral 
wire  be  of  the  same  size  as  the  outer  wires,  a  saving  in  copper  of 
62.5  per  cent  may  be  obtained.  Ordinarily  the  circuits  are  so  ar- 
ranged that  the  load  is  distributed  uniformly  between  the  neutral 
and  outer  wires  and  thus  receives  the  same  voltage  as  it  would  in 
the  ordinary  two-wdre  system.  Making  the  neutral  wire  of  the 
same  size  as  the  outer  wire  may  seem  in  many  cases  an  unneces- 
sary precaution,  especially  when  the  loads  on  each  side  of  the 
neutral  are  arranged  so  that  they  are  nearly  balanced,  yet  there 
is  always  the  liability  of  the  fuse  blowing  or  the  circuit  breaker 
opening  on  one  of  the  outer  wires  and  thus  throwing  the  whole 
current  flowing  in  the  other  outer  wire  through  the  neutral  wire. 
Hence,  it  has  become  customary  to  make  the  neutral  of  the  same 
size  as  the  outer  wires. 

In  the  earlier  installations  of  the  three-w^ire  system  it  was 
necessary  to  use  two  separate  generators  in  series,  with  the  neu- 
tral wire  joined  to  the  common  connection.  By  this  method  it 
was  always  necessary  to  have  at  least  two  machines  in  operation, 
however  small  the  load.  Another  method  that  came  into  use  later 
was  the  use  of  balancer  sets  with  a  single  two-wire  machine. 

These  balancer  sets  added  somewhat  to  the  com- 
plication as  the  operation  of  the  whole  system  was  dependent 
upon  the  continous  operation  of  the  balancer  sets. 

The  three-wire  generator  was  designed  for  the  purpose  of 
obtaining  the  advantages  of  the  three-wire  system  w^ithout  the 
necessity  of  running  two  separate  machines.     It  also  gives  the 


*Based   primarily   on   a    lecture   by   Mr.  W.  A.  Dick,  before  The  Electric 
Club. 
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advantage  of  the  increased  efficiency  of  one  large  machine  over 
two  small  ones.  The  main  features  of  the  three-wire  generator 
are  the  same  as  those  of  the  ordinary  direct-current  generator. 
For  a  given  service  a  three-wire  generator  would  be  used  giving 
the  same  voltage  as  the  two  generators  in  series  in  a  two-machine 
three-wire  svstem. 


FIG.    I — 300   K\V     ENGINE   TYPE  THREE-WIRE   DIRECT-Cl'RRENT   GENER.\TOR 

To  change  an  ordinary  direct-current  machine  into  a  three- 
wire  machine  it  is  fitted  with  four  slip  rings  as  shown  in  Fig.  i. 
These  are  connected  to  the  armature  winding  in  the  same  maimer 
as  if  the  machine  was  a  two-phase  rotary  converter ;  that  is,  taps 
are  brought  out  at  four  electrically  equidistant  points  for  each 
pair  of  poles  and  connected  to  the  slip  rings.  From  these  rings 
wires  are  run  to  balance  coils  as  shown  in  Fig.  2.     In  the  earlier 
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machines  but  one  balancing  coil  was  used.  The  action  of  the  coil 
in  balancing  the  voltage  on  this  type  of  machine  may  be  seen 
in  I'igs.  3  and  4.  For  the  simplest  case,  that  of  a  two-pole  ma- 
chine, the  coil  is  connected  through  the  slip  rings  to  diametrically 
opposite  points  in  the  armature  winding,  as  at  C  and  D.  If  the 
machine  is  in  ()])erali()n,  tlien,  at  the  instant  that  the  points  C  and 
D  correspond  to  the  points  A  and  B  as  in  Fig.  3,  it  is  evident  that 
the  point  E  at  the  middle  of  the  balance  coil  winding  has  a  po- 
tential midway  between  .i  and  B.  In  other  positions  of  the  arma- 
ture, as  in  Fig.  4,  the  voltage  between  A  and  E  is  evidently  al- 
ways equal  to  that  between  B  and  E,  because  CE  is  always  equal 
to  DE  and  BC  to  AD.     Therefore    the  resultant  of  AD  and  DE 


FIG.    2 — DIAGRAM     OF     CONNECTIONS     FOR     A     THREE- 
WIRE    GENERATOR 

equals  the  resultant  of  BC  and  CE.  This  is  true  of  the  no-load 
condition  or  a  balanced  condition  where  no  current  is  flowing 
in  the  neutral  wire.  As  a  load  comes  on  one  of  the  side  circuits 
a  slight  shifting  of  the  neutral  point  takes  place,  the  voltage  of 
the  loaded  side  being  a  trifle  lower.  This  is  due  to  the  ohmic 
drop  in  the  leads  and  coils.  These  are  made  large  in  order  to 
make  the  ohmic  drop  very  small. 

Three-wire  machines  are  ordinarily  designed  to  take  care 
of  a  25  per  cent  unbalance ;  that  is,  to  operate  satisfactorily  with 
25  per  cent  of  the  full-load  current  of  the  generator  flowing  in  the 
the  neutral  wire.    This  means  that  this  is  the  amount  of  load  on 
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one  of  the  side  circuits  in  excess  of  that  on  the  other  side.  Under 
conditions  of  operation  with  25  per  cent  unbalance,  the  regulation 
is  good,  the  voltage  varying  not  more  than  two  per  cent  from 
normal. 

In  the  later  types  of  machines  two  coils  are  used  and  their 
middle  points  connected  together,  as  it  was  found  that  in  this 


FIG.    3 


FIG.    4 


way  any  unbalanced  current  in  the  armature  winding  was  more 
evenly  distributed. 

The  balance  coils  are  each  made  of  a  single  winding,  with 
a  neutral  tap  brought  out  from  the  middle  point.  The  winding 
is  wound  on  a  laminated  core  of  the  shell  type  and  mounted  in  a 
case  like  a  small  transformer.  The  series  field  windings  of  all 
the  north  poles  arc  connected  in  series  and  to  one  outer  wire,  and 
the  series  all  the  south  poles  are  connected  to  the  other  outer  wire. 
This  is  done  to  obtain  a  compounding  effect  from  either  side  of 
the  system  when  the  load  is  un-    
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FIG.    5 


balanced.  See  Fig.  5.  The  slip 
rings  of  the  three-wire  genera- 
tors are  large  in  diameter,  but 
this  is  for  mechanical  conveni- 
ence rather  than  any  electrical 
necessity.  They  are  made  so 
that  they  come  in  line  with  the 
commutator  and  thus  one  brush  rigging  can  be  used  for  both  com- 
mutator and  slip  ring. 

Three-wire  generators  may  be  operated  in  i^arallcl  with  each 
other  and  in  ]^arallel  witli  two-wire  machines.  Thus  a  250-volt, 
three-wire  machine  may  be  oj^jeratcd  in  parallel  with  two  125- 
volt,  two-wire  machines  in  series,  or  in  parallel  with  125-volt. 
two-wire  machines  on  cither  side  of  the  neutral  or  in  parallel  with 
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250-volt,  two-wire  inacliincs.  The  connections  for  operating  two 
three-wire  generators  in  parallel  and  all  necessary  switch  and  in- 
strnment  connections  are  shown  in  Fit^-.  6.  In  operating  in  par- 
allel it  is  imnccessary  to  synchronize  the  alternatin<T-cnrrent  ends 
of  the  machines  and  no  attention  need  l)e  ])aid  to  the  periodicity 
of  the  alternating-  cnrrents  generated  by  the  dififerent  machines. 
The  only  conditions  to  be  met  in  opcratin.c:  any  combination  of 
two-wire  and  the  three-wire  machines  in  parallel  is  that  the  machines 
be  of  the  proi)er  voltage  and  that  suital)le  ef|ualizer  connections 
be  made. 

The    applications    of    three-wire    machines    have    been    various 


FIG.   6- 


-DIAGRAM    OF    CONNECTIONS    FOR    OPERATING    TWO    THREE-WIRE    GENERATORS 
IN    PARALLEL   WITH    ALL    NECESSARY    SWITCHES    AND    INSTRUMENTS 


and  include  manufacturing  plants,  ot^ce  buildings,  apartment 
houses,  railway  stations,  etc.,  using  both  light  and  power  from  the 
same  circuits. 

In  addition  to  the  above  applications  of  the  three-w^ire  system 
in  which  three-wire  generators  are  being  used  there  is  quite  a 
promising  iield  for  this  machine  in  mining  work.  For  this  ser- 
vice, 500  volt,  three-wire  machines  are  used  and  the  neutral  wire 
is  grounded.  The  outer  wires  are  connected  to  different  sections 
of  the  trolley  lines  in  such  a  way  as  to  obtain  as  good  a  balance 
as  is  desirable.  In  this  way  the  benefit  of  the  high  voltage  is 
obtained  for  transmission,  yet  operation  in  the  mine  is  with  the 
usual  250  volt  circuits.  In  addition  there  is  the  further  advantage 
that  stationary  motors  for  fans,  pumps,  etc.,  may  be  operated  on 
the  higher  voltage. 


THE  AUTOCRAT  OF  THE  BUSINESS  WORLD* 

THE  technical  man  is  the  autocrat  of  the  business  world.    His 
genius  is  the  foundation  of  a  large  majority  of  commercial 
enterprises,  and  on  his  advice  almost  every  undertaking  de- 
pends for  success. 

The  technical  man  comes  closer  to  the  life  of  every  great  busi- 
ness than  any  other  class  of  worker.  This  is  shown  by  the  fact  that 
an  tmusually  large  number  of  men  in  responsible  executive  posi- 
tions are  men  with  technical  training.  The  presidents  of  the  largest 
railway  systems  of  America,  as  well  as  sixty  per  cent,  of  the  higher 
executive  officials  in  the  steel  industry,  are  men  with  engineering 
education. 

The  comparatively  small  supply  of  technical  men  is  not  due 
to  any  unwillingness  on  the  part  of  employers  to  pay  adequate  sal- 
aries. It  is  not  a  question  of  price,  but  of  getting  the  right  men 
and  enough  of  them. 

Only  recently  a  large  manufacturing  company  sent  a  representa- 
tive to  Pittsburgh  with  instructions  to  pay  anything  within  reason 
for  from  fifty  to  a  hundred  experienced  draughtsmen  and  engineers. 
He  was  able  to  secure  less  than  forty,  and  he  had  to  pay  them  from 
twenty  to  forty  per  cent,  more  than  thev  were  receiving  to  induce 
them  to  change. 

More  difficult  to  find  even  than  the  i)tn'elv  technical  man.  is  the 
man  who  combines  with  his  technical  training,  selling  or  executive 
ability,  or  both.  The  engineer  is  too  often  purelv  an  engineer,  with- 
out the  personality  or  inclination  to  sell  goods  or  get  results  from 
other  men.  Many  men  are  prejudiced  against  outsiile  work,  feeling 
that  it  is  below  their  dignity.  This  is  a  great  nustake.  for  there  is 
no  position  offering  belter  opportunity  to  acquire  broad  experience 
and  earn  a  large  income  than  that  of  salesman.  To  succeed  at  it. 
however,  a  n.ian  should  have  a  magnetic  i)ersonality,  (|uick  wits  and 
unbounded  grit  and  energy. 

Technical  men  know  their  own  value  better  than  any  other  class 
of  employees,  and  unless  a  ])usiness  will  stand  frequent  changes  the 
emplover  must  be  ]irepared  to  pay  tlieui  the  full  market  price.     Even 


'"Extracts  from  an  article  by  Herbert  J.    ITapgood    in    "System"    for   .Xpril 
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by  doing  this  it  is  difficult  to  insure  their  permanency,  as  coniix;t- 
itors  will  be  constantly  trying  to  hire  away  your  best  men. 

As  almost  every  employer  wants  in  his  technical  departments 
men  trained  in  his  own  business,  the  best  method  is  to  take  on  young 
men  fresh  from  the  technical  schools,  and  train  them  up  to  suit  par- 
ticular re(|uirements.  This,  however,  is  easier  said  than  done,  as 
the  young  technical  graduate  is  as  much  in  demand  as  the  man  of 
experience.  Last  year  every  man  in  the  graduating  class  of  a  well 
known  technical  school  had  at  least  three  offers  of  employment,  and 
some  of  the  more  capable  men  had  as  many  as  ten. 

Two  of  the  large  manufacturing  companies  alone  employ  every 
year  between  six  and  seven  hundred  young  graduates.  They  have 
established  such  a  reputation  for  the  training  they  give  that  they 
are  able  to  secure  the  best  men  far  below  the  market  price.  They 
train  these  men  up  in  the  various  departments,  advancing  them  as 
they  prove  their  ability ;  but  even  with  such  a  large  number  grow- 
ing up  in  the  business,  their  supply  of  men  is  never  adequate.  Of 
course,  a  certain  percentage  of  these  men  leave  before  they  have 
become  of  any  great  value,  but  the  companies  believe  the  training 
they  give  them  is  a  good  investment,  because  some  of  these  men  will 
later  become  chief  engineers,  superintendents,  and  so  on,  and  when 
buying  machinery  wdll  likely  give  preference  to  the  line  with  which 
thev  had  their  first  experience. 


GRAPHIC  RECORDING  METERS 

As  the  necessity  for  obtaining  accurate  records  becomes 
more  apparent  to  central  station  operators,  means  of  ob- 
taining these  records  automatically  are  demanded.  Indi- 
cating instruments  were  first  used  and  the  station  attendants 
were  required  to  record  the  readings  of  the  meters  on  tabulated 
sheets  at  frequent  intervals,  and  from  these  records  curves  could 
be  drawn  showing"  graphically  the  meter  readings  and  their  varia- 
tions. But  this  method  aside  from  the  extra  attention  required 
from  the  switch-board  attendants  is  more  or  less  inaccurate  as 
the  readings  are  rarely  taken  at  less  than  15  minute  intervals  and 
even  if  arranged  to  be  taken  at  shorter  intervals,  there  are  times 
when  the  attendants  find  it  inconvenient  to  take  the  readings 
and  are  quite  likely  to  get  into  the  habit  of  estimating  the  read- 
ings and  filling  in  the  blanks.  In  addition  after  the  records  have 
been  tabulated  there  is  much  clerical  work  involved  in  making- 
corrections  for  the  inaccuracies  of  the  difi'erent  instruments  and 
in  plotting  the  curves  for  each  day. 

Integrating  meters  give  accurate  records  of  the  total  energy 
consumption  but  do  not  give  any  idea  of  the  load  variation,  and 
even  with  them  readings  have  to  be  taken  at  regular  intervals. 

Gra]5hical  meters  have  been  in  use  for  some  time,  mostly  for 
use  as  voltmeters  and  ammeters,  but  these  have  been  either  of 
the  type  that  makes  a  record  on  a  circular  sheet  which  has  to  be 
replaced  each  day,  or  of  the  type  which  makes  a  record  on  a 
sheet  or  roll  of  ]^a]K>r  with  cur\  imI  co-ordinates. 

The  new  type  of  grajjliical  recording  meters  shown  in  l''ig.  1 
makes  a  record  on  a  continuous  sheet  of  paper  ruled  with  rect- 
angular co-ordinates.  The  motion  of  the  pen  across  the  paper  is 
proportional  to  the  quantity  to  he  measured  and  the  speed  of  the 
cross-section  i)aper  is  controlled  by  an  electrically  self-winding 
clock.  It  is  thus  possible  to  integrate  any  part  of  the  record  by 
the  use  of  a  planimeter  or  other  means.  The  vi->ltmetcrs,  am- 
meters and  wall  meters  operate  on  the  principle  of  the  Kelvin 
balance,  the  actual  recording,  however,  being  di^ne  through  a  re- 
lay. Different  instruments  of  this  type  are  made  to  record  volt- 
age, current,  jiower,  fre(iuenc\',  or  jiower  factor. 

The  arrangement  of  the  circuits  shown  in  T"ii:\  2  is  for  a  \olt- 
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meter.  By  follow  ini;-  out  tlic  circuit  from  the  supply  circuit  it 
may  be  seen  that  the  current  will  flow  first  throuj^h  the  usual 
voltmeter  resistance  and  then  throu^^h  the  fixed  and  movable 
coils.  The  movable  coil  element  is  balanced  on  knifc-edL;ed  sup- 
ports and  is  provided  at  one  end  with  a  contact  arm,  which  is 
free  to  move  up  and  down  between  two  fixed  contacts.  This 
motion  up  and  down  between  these  contacts  is  all  that  is  re- 
quired of  the  movable  element  and  the  making"  of  the  circuits 
through  either  contact  brings  the  relay  into  operation.  Any  con- 
venient source  of  energ'y  may  be  used  to  operate  the  relay.  In 
this  case  it  is  represented  as  a  battery.     The  condensers  K  and 


FIG.     I GRAPHICAL    RECORDING    VOLTMETER 

the  resistance  R  are  used  to  eliminate  sparking  at  the  contacts. 
When  contact  is  made  either  by  the  upward  or  downward  mo- 
tion of  the  contact  arm  the  circuit  is  closed  and  current  will  flow 
through  one  of  the  solenoid  coils  C.  \\'ithin  each  coil  is  a  plung- 
er P  attached  to  the  recording  mechanism  M,  as  shown.  AVhen 
the  circuit  is  closed  through  the  upper  contact  the  left-hand  coil 
will  pull  its  plunger  down,  and  thus  by  means  of  the  relay 
mechanism  move  the  pen  across  the  record  paper,  ^\'hen  the 
circuit  is  closed  through  the  lower  contact  the  right-hand  coil 
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will  pull  its  plunger  down,  causing  the  pen  to  move  in  the  op- 
posite direction.  Thus  a  current  through  either  relay  coil  will 
cause  the  corresponding  plunger  and  hence  the  pen  mechanism 
to  move  until  the  circuit  is  broken.  The  spring  5"  connects  the 
recording  mechanism  with  the  movable  element.  When  one  of 
the  plungers  has  been  moved  by  the  pull  exerted  by  its  solenoid 
until  the  tension  in  the  spring  balances  the  force  exerted  by  the 
movable  element,  the  circuit  will  be  broken  and  the  motion  stop- 
ped. The  recording  mechanism  is  arranged  in  such  a  way  that 
the  pen  point  must  move  in  a  straight  line  across  the  cross-sec- 
tion paper. 

Friction  does  not  enter  as  an  element  in  the  accuracv  of  the 


FIG.     2 — OUTLINE     DIAGRAM       AND      CONNECTIONS 
OF   A   GRAPHICAL   RECORDING   VOLTMETER. 

instrument  for  after  the  contact  is  once  closed  by  llic  nituion  oi 
the  movable  element  it  remains  closed  unlil  the  relay  circuit 
moves  the  pen  to  the  exact  position  corresponding  to  the  torcjue 
of  the  meter  element.  Thus  the  torque  exerted  b}-  the  movable 
clement  is  constantly  balanced  by  the  force  exerted  by  ihe  relay 
mechanism  through  the  spring.  As  the  supply  circuit  does  not 
operate  the  pen  mechanism  it  is  not  necessary  to  have  an  exceed- 
ingly light  weight  pen.  The  pen  used  is  made  of  glass  and  is  pro- 
vided with  a  reservoir  of  sufficient  size  to  hold  ink  for  a  contin- 
uous record  of  two  months. 

The  rate  of  motion  of  the  pajuM"  may  be  \aried  to  suit  differ- 
ent cases.  Two  inches  per  hour  is  the  speed  most  connnoidy 
used. 

These  instruments  are  provided  with  ailjustments  to  control 
the   sensitixeness   of   the    instruments. 
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The  quickness  of  the  pen's  motion  jnay  he  rej^ulated  Ijy  ad- 
justing a  pair  of  dash  pots  connected  to  the  moveahle  element. 

The  sensitiveness  of  the  motion  may  be  varied  by  changing 
the  spacing  between  the  fixed  contacts. 

By  these  two  methods  of  adjustment  the  pen  may  be  made 
either  to  follow  the  slightest  changes  or  to  slur  over  the  quick 
variations  and  give  a  more  even  curve. 


"THE  RECEEPROCATIN'  MON  " 

('By  Robert  Burns  and  others,  including  Gavin  Hamilton; 

Oh!  woesome  'oor  that  saw  the  birth, 

0  turbine  thochts  in  Pairsons  heid. 
I  weesh  that  I  wis  aff  the  earth. 

Or  else  the  turbine  men  wis  deid. 

I'm  a  receeprocatin'  mon ; 

1  luve  tae  hear  the  bearin'  bump, 
Or  yet,  the  piston  groan  and  grunt 

That's  religated  tae  a  pump. 

This  whurligeegin'  thing  I  hate, 

For  whutna  gude  is  it  tae  dae? 
Tae  sae  the  fearsome  thing  gyrate 

Gars  me  piur  stummuck  glang  agley. 

I  widna  care  if  it  had  ocht 

Tae  need  a  tender  fitter's  haund. 
But  it  rins  sae  weel  sin  it  was  bocht 

I  hivna  had  tae  slack  a  glaund. 

I  hate  the  tribe  o'  whurligeegs. 

It's  jist  a  pinch  o'  steam,  then  'Scatt!' 

I'm  a  receeprocatin'  mon, 

I  stann  or  fa'  wi  Jeemie  Watt. 

— Marine  Reviezn. 
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The  electrifications  of  the  Mersey  Tunnel,  and  of 
Starting  the  London  Metropolitan   Railway,  as  described 

a  Large  in   Mr.   H.    L.   Kirker's   article   appearing   in   the 

Railway  May  issue,  and  concluded  in  the  current  number 

Service  of  the  Journal,    furnish    striking    examples    01 

the  wrong  and  the  right  way  in  which  to  start  an 
entirely  new  service.  The  policy  that  will  allow  a  thirst  for  dis- 
play, or  a  desire  to  impress  the  public  or  stockholders  to  out- 
weigh common  sense  and  the  advice  of  competent  engineers  as 
to  the  starting  up  of  an  elaborate  and  costly  plant,  cannot  be 
too  strongly  condemned. 

The  contrast  in  the  two  cases  described  is  doubtless  more 
marked  than  would  be  likely  in  this  country,  or  indeed  outside 
of  Europe,  but  attention  to  some  of  the  obvious  methods  to  be 
pursued  is  none  the  less  pertinent  at  a  time  when  numerous 
similar  undertakings  are  in  progress,  or  contemplated. 

New  York  City  furnishes  several  notable  instances  compar- 
able to  the  Mersey  and  the  London  ^letropolitan  Railway,  in 
which  a  change  has  been  made  from  an  existing  to  an  entirely 
new  system  without  inconvenience  to  the  pul^lic,  or  strain  up<Mi 
operatives  or  equipment. 

The  Manhattan  Railway,  the  ele\:Ucd  road  of  Xew  York, 
was  transformed  from  a  steam  to  an  electric  line  so  gradually  and 
smoothl}^  as  to  be  scarcely  noticeable,  except  in  respect  to  in- 
creased comfort  of  passengers,  speed  of  travel,  and  augmented 
revenue.  The  same  may  be  said  of  the  Long  Island  Railroad,  a 
part  of  wdiich  was  electrified  last  summer. 

The  New  York  Subway  was  opened  a  year  ago  last  Xovem- 
ber  with  full  schedule  by  the  Interborough  Rapid  Transit  Com- 
pany, and  has  been  running  ever  since  without  a  hitch,  except 
when  shut  down  by  bursting  water  mains,  or  other  causes  beyond 
the  control  of  the  operating  company.  Before  the  opening  of 
the  underground  road,  however,  all  of  which  was  new.  the  power 
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house  and  sub-stations  had  been  gradually  put  into  operation,  in- 
struction trains  run  in  the  subway,  and  for  about  a  week  prior 
to  the  admission  of  the  public,  the  full  schedule  of  trains  was 
maintained. 

The  large  railroads  entering  New  York  City  are  at  the 
present  time  engaged  upon  work  of  great  magnitude,  which, 
wdien  completed,  will  enable  them  to  do  away  with  the  use  of 
the  very  objectionable  steam  service,  substituting  therefor  mul- 
tiple-unit electric  trains  and  electric  locomotives.  It  is  to  be  ex- 
pected that  the  change  of  motive  power  will  be  made  with  little 
or  no  disturbance  or  inconvenience.  R.  L.  Wilson 


The  rapid  development  of  industrial  activity  dur- 
The  ing  the  past  few  years  is  nowhere  better  exemp- 

AuxiIiary=PoIe  Hfied  than  in  machine  shop  practice. 

riotor  Conditions   of   a   few  years   ago   have   been 

very  largely   modified  by  two   factors : 

First,  the  introduction  of  high  speed  steels. 

Second,  the  general  application  of  the  electric  motor. 

It  is  pleasing  to  note  that,  while  in  some  instances  the  in- 
troduction of  high  speed  steel  has  involved  complications  of  a 
greater  or  less  amount  with  belt  driven  machinery,  the  tendency 
of  the  electric  motor  at  the  present  time  is  decidedly  the  reverse. 
The  utilization  of  high  speed  steels  to  the  fullest  advantage  in- 
volves the  use  of  variable  speed,  and,  while  many  attempts  haN'e 
been  made  to  provide  suitable  variable  speed  mechanism  for  this 
purpose,  the  electric  motor  is  rapidly  supplanting  mechanical 
devices. 

Instead  of  line  shafting  and  belting,  with  the  consequent 
well  known  disadvantages,  the  tendency  is  now  toward  mount- 
ing the  motors  directly  on  the  various  machines.  There  seems 
at  present  to  be  a  growing  tendency  to  over-power  rather  than 
under-power  machine  tools.  This  is  a  decided  step  in  the  right 
direction  particularly  as  there  is  no  means  of  knowing  whether 
high  speed  steel  has  yet  reached  its  fullest  development.  The 
progress  has  been  along  natural  lines  in  eliminating  the  compli- 
cated multi-voltage  systems.  The  intricate  wiring  involved  in 
these  systems  was  quite  as  objectionable  as  the  use  of  belting, 
though  not  so  apparent. 

The  auxiliary-pole  type  of  motor,  described  by  Mr.  Hippie 
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in  the  May  Journal  and  in  the  current  number,  presents  the 
acme  of  simpHcity,  together  with  remarkable  operating  charac- 
teristics. This  motor  has  so  thoroughly  demonstrated  itself,  in 
every  instance  in  which  it  has  been  applied,  that  we  predict  for 
it  a  very  wide  use.  In  the  simplicity  of  its  generating,  distributing 
and  translating  devices,  it  presents  a  system  which  can  be  handled 
by  operatives  who  are  not  expert  in  the  electrical  art :  and  the 
results  accomplished  in  plants  where  the  auxiliary-pole  motor 
has  been  installed  warrant  the  free  use  of  this  type  of  motor. 

It  might  be  mentioned  in  passing  that  in  the  case  of  the 
Firth-Sterling  Steel  Company,  where  a  direct  comparison  be- 
tween motor  and  belt  driven  machines  was  possible,  it  was  found 
that  the  machines  operated  by  auxiliary-pole  motors  produced 
in  ten  hours  4.6  per  cent  more  than  the  belt  driven  machines.  The 
auxiliary-pole  motor  is  the  result  of  careful  and  exhaustive  in- 
vestigation and  the  type  of  motor  which  is  described  by  Air. 
Hippie  makes  its  appearance  on  the  market  as  a  fully  developed 
and  well-tried  machine.  T.  M.  Barr 


I  have  just  finished  reading"  the  concluding  install- 
Ben  jam  in  ment  of  Dr.  Edwin  J.  Houston's  paper  on  "Franklin 
Franklin  as  a  Man  of  Science  and  an  Inventor,"  published  in 
the  April  and  Alay  numbers  of  the  Journal  of  the 
Franklin  Institute. 

We  have  all  had  a  liigli  opinion  of  iM-anklin  as  an  electrical  sci- 
entist and  in  other  capacities,  but  personally  I  have  never  before  had 
an  adequate  basis  for  such  judgment. 

This  paper  gives  in  Franklin's  own  words,  which  are  most  ad- 
mirably put,  example  after  example  of  his  wonderful  physical  insight 
and  eminently  exemplary  attitude  of  mind  both  toward  science  and 
toward  the  scientific  fraternity. 

I  have  profited  from  the  reading  of  this  paper,  not  only  from  a 
greatly  increased  respect  and  admiration  of  Franklin's  ability  as  a 
scientist,  but  also  from  a  stimulation  of  interest  ami  a  suggestion  of 
methods,  which  is  hard  to  get  from  any  other  source.  Furthermore. 
I  have  received  a  considerable  amount  of  new  information  and  a 
clearer  understanding  of  phenomena  from  his  cx]:)lanation  than  I 
have  gotten  from  such  literature  of  a  later  date  as  I  have  read. 

I  suggest  to  the  readers  of  Tiik  Fi.ectric  Journal  the  desira- 
bility of  reading  carefully  this  higlily  entertaining  and  profitable 
paper.  Percy  H.  Thomas 
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OX  THE  LAVING  OP  THE  CORNER  STONE  OP  THE 
ENGINEERING  BUILDING 

]Vh\  is  the  American  professional  man  superior  to  his 
fellows  in  other  countries?  Because  he  is  more  democratic, 
more  catholic,  more  open  to  conviction,  a  better  mixer. 

I  am  glad  this  is  a  union  building. 

The  principle  of  union  is  as  requisite  and  necessary  in 
science  as  in  politics  and  labor,  and  so  long  as  there  is  unity 
among  American  engineers  there  icill  be  greater  achieve- 
ment.— AndrcK'  Carnegie. 


The  day  of  small  things  is  past. 

If  zve  are  to  keep  pace  zcith  the  zvondcrful  march  of 
progress  we  must  bore  with  a  larger  auger. 

l]''e  need  more  than  ever  the  conservation  and  uniting 
of  all  our  forces  for  the  accomplishment  of  great  ends. 

If  is  the  scientifically  educated  engineer  who  must  di- 
rect the  immense  establishments  zvhich  from  noiv  on  must 
be  the  rule. 

He  is  necessary  to  prevent  the  waste  both  of  capital 
cud  r.iciicrial. 

Our  national  resources  must  be  husbanded,  not  prodi- 
gally despoiled ;  our  coal,  iron  and  findnv  must  be  handled 
in  t!:e  most  intelligent  zvay. 

It  zvill  be  largely  zvitli  the  members  of  these  societies 
nozi'  united  in  this  great  building,  to  direct  our  great  body 
of  zi'orkers. 

High  minded  leadership  is  the  only  salz'ation  of  our 
civili::ation. 

This  has  been  manifested  by  Mr.  Carnegie,  our  bene- 
factor. Through  his  generosity  we  may  preserve  and  put 
in  tangible  form  records  of  scientific  accomplishments  so  as 
to  avoid  a  repetition  of  mistakes  of  the  past. — E.  E.  Olcott. 


In  the  presence  of  Charles  Haynes  Haswell,  now  97 
The  years  of  age,  the  first  engineer-in-chief  of  the  navy, 

Engineering  and  of  John  Fritz,  whose  80th  anniversary  was  cele- 
Building  brated  in  1902,  whom  we  call  "Uncle  John — he  is  in 

science  what  Uncle  Joe  Cannon  is  in  political  life," 
in  the  presence  of  these  venerable  and  worthy  representatives  of  the 
engineers  of  the  past,  was  laid  the  corner  stone  of  the  new  building 
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of  the  engineering  societies,  typical  of  the  engineers  of  the  future. 

Mr.  Carnegie  has  donated  this  building,  not  as  a  memorial  for 
the  past,  not  as  a  convenience  for  the  present,  but  as  an  instrument 
for  the  future. 

Steam  and  steel  and  electricity  have  introduced  a  new  civiliza- 
tion. Engineering,  as  a  force  in  progress,  is  becoming  more  and 
more  essential,  and  more  and  more  potent.  To  foster  and  develop 
it,  to  unify  and  strengthen  it,  to  make  it  more  powerful  and  more 
efficient — this  is  the  idea  which  has  brought  forth  this  magnificent 
building. 

The  rate  at  which  the  electrical  branch  of  engineering  is  ad- 
vancing is  significant.  In  the  three  years  since  the  inception  of  this 
building  the  membership  in  the  American  Institute  of  Electrical  En- 
gineers has  doubled.  In  a  slightly  greater  period  electrical  enter- 
prises, as  measured  by  capital  investment  or  in  power  output,  have 
doubled ;  likewise  has  the  number  of  electrical  engineers  neces- 
sary to  conduct  them.  If  the  electrical  activities  of  to-day  were  pre- 
sented to  the  electrical  engineers  of  five  years  ago  they  would  be  in- 
adequate in  numbers,  in  ability  and  in  experience  to  operate  them. 
Likewise,  the  demands  five  years  hence  will  be  for  numbers,  ability 
and  experience  which  the  present  does  not  possess.  The  rate  of 
progress  will  depend  largely  upon  the  rate  of  development  of  intelli- 
gent, effective  men. 

This  is  the  problem  of  the  school,  the  large  corporation,  and  the 
engineering  profession.  The  national  societies  are  not  fully  alive  to 
thei:  opportunities,  their  possibilities  and  their  responsibilities.  The 
new  building  will  give  the  incentive  as  well  as  the  facilities  for  a 
wider  activity  and  a  greater  usefulness,  in  harmony  with  the  ideal 
which  prompted  the  gift.  Chas.  F.  Scott 


MECHANICAL  AIDS  TO  COMMUTATION 

J.  N.  DODD 

THE  subject  of  coninnitation  is  the  most  important  one  that 
concerns  the  designer  of  direct-current  machinery,  and  one 
might  say  electrical  machinery  in  general.  If  a  machine 
does  not  commutate  no  slide  rule  calculations,  no  appeal  to  text 
books  or  other  authorities,  no  recalibration  of  instruments,  no  use  of 
the  magic  terms,  power  factor,  inherent  regulation,  leading  or  lag- 
ging current  will  in  any  way  convince  the  customer  that  his  machine 
is  perfect.  It  is  a  trou1)le  for  which  the  engine  governor  cannot  be 
blamed. 

Moreover,  besides  being  easily  seen  and  plainly  visible  to  every- 
one, it  is  very  serious  trouble.  If  a  machine  hums,  if  its  regula- 
tion is  poor,  if  its  efficiency  is  not  up  to  guarantee,  at  least  it  will  run 
and  give  good  service.  Nothing  destroys  a  machine  so  quickly  as 
poor  commutation.  If  a  machine  overheats,  we  know  that  we  must 
either  decrease  the  losses  or  increase  the  ventilation.  If  the  insula- 
tion breaks  down,  while  we  might  blame  the  atmosphere  and  the  run- 
ning conditions,  we  know  that  things  can  be  made  right  by  better 
insulation  or  more  of  it.  Almost  every  designer  can  tell  how  for  a 
time  he  has  been  completely  puzzled  over  the  poor  commutating 
qualities  of  some  machines.  Any  of  them  can  offer  you  instances  of 
two  machines  apparently  exactly  alike,  one  of  which  sparks  viciously 
and  the  other  will  carry  any  load  or  over-load  that  can  be  put  on  it. 
Moreover  this  inability  of  the  designers  to  always  locate  the  trouble 
at  once  is  not  due  to  want  of  attention  on  their  part.  No  subject  has 
received  anything  like  the  attention  that  this  has.  It  is  a  most  fasci- 
nating subject  to  study  theoretically  and  practically  a  most  important 
and  pressing  subject  to  get  at  at  once  and  make  right.  Every  year 
sees  more  articles  on  how  to  obtain  sparkless  commutation.  Every 
year  sees  a  long  list  of  patents  with  the  same  object  in  view. 

Originally  it  was  a  source  of  trouble  to  the  direct-current  de- 
signers only,  now  it  belongs  to  all  people,  direct-current  and  alter- 
nating-current. 

It  must  not  be  supposed,  however,  that  we  are  making  no' pro- 
gress with  our  knowledge  of  the  subject.  Five  years  ago  it  would 
have  been  deemed  impossible  to  run  at  the  speeds  now  run,  or  for  a 
given  speed  to  get  the  output  from  a  given  amount  of  material  that 
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we  now  do.  The  development  of  the  direct-current  turbo  and  the 
alternating-current  single-phase  motor  are  due  directly  to  our  better 
knowledge  of  the  subject.  Only  it  must  be  understood  that  a  great 
deal  remains  yet  to  be  done.  The  object  of  this  paper  is  not  to  give 
anything  new.  The  whole  of  it  has  already  been  covered  by  various 
patents.  It  is  merely  to  define  commutation  and  to  explain  the  pur- 
pose and  limits  of  the  various  devices  meant  to  improve  it. 

COMMUTATION    DEFINED 

In  its  definition  it  is  extremely  simple.  Let  us  have,  Fig.  i,  a 
number  of  bars  of  conducting  material  lying  beside  each  other,  but 
not  touching.  Let  each  be  connected  to  the  one  on  either  side  through 
a  coil  of  conducting  material,  and  let  a  moveable  piece  of  conducting 
material  rest  on  the  bars.  We  will  call  this  a  brush.  Let  us  also 
suppose  that  an  electric  current  enters  the  series  of  coils  at  each  end 
and  comes  out  at  the  brush.  If  now  the  brush  moves  along  the  bars, 
the  current  in  each  coil  will  decrease  to  zero  and  then  rise  again  to 
its  full  value  in  the  opposite  direction.     In  other  words  the  current 

^  ^_       in    each    coil   will   reverse.     This    is   the 

'"'T'nnnnnnnnnn'T'^^  whole  sum  and  substance  of  the  commu- 

■  1,1,1,1,1,1.1.1,1,1,1,      tation.     That  is,  that  the  current  reverses 

due  to  the  moving  of  the  brush.     This 
is  an  explanation  which  everyone  can  un- 
derstand and  at  the  same  time  one  will 
^^^-  ^  be  able  to  understand  to  some  extent  that 

there  are  difficulties  in  the  way. 

To  a  certain  extent  the  title  of  this  paper  may  be  a  misnomer. 
We  will  assume  that  our  mechanical  construction  is  perfect.  The 
coils  are  continuous  and  homogeneous  from  end  to  end;  all  joints 
are  perfectly  sweated,  the  commutation  surface  is  perfectly  smooth 
and  the  bars  rest  evenly  on  the  commutator,  making  at  all  times  jkm-- 
fcct  mechanical  contact. 

Nevertheless  the  title  will,  we  believe,  suggest  to  most  people  the 
ideas  intended,  namely,  the  use  of  various  materials  in  the  circuit  \vc 
have  just  considered,  various  shapes  of  the  coil  and  the  magnetic  cir- 
cuit. 

r0.SSIl!LE    COM  MU  lATION    CCIiVES 

As  to  the  actual  phenomena  of  commutation  we  know  very  little. 
We  know  that  before  commutation  the  current  in  the  coil  has  a  cer- 
tain value.  After  commutation  it  has  the  same  value  in  the  opposite 
direction.     What  we  do  not  know  is  how  it  changes  from  one  value 
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to  another,  and  this  is  the  great  thing  of  importance,  for  this  curve 
of  commutation  is  what  tells  one  what  is  happening  in  a  machine 
and  what  it  is  that  causes  poor  commutation.  However,  although 
we  do  not  know  what  this  curve  is  in  each  case,  we  do  know  that 
certain  causes  will  have  certain  effects.  The  curves  of  reversal 
shown  in  Figs.  2  to  9  are  all  possible. 

These  curves  are  plotted  in  terms  of  time  and  current  value. 

The  distance  between  the 
two  vertical  lines  repre- 
sent the  time  that  it  takes 

for    the     insulation    be- 
2,  3>  4»  5 

FIGS.  tween  two  bars  to  cross 

the  brush  and  the  vertical  distance  from  the  curve  to  the  center  line 
is  the  value  of  the  current. 

Fig.  2  shows  the  whole  time  taken  up  in  reversing  the  current. 
Figs.  5  and  6  show  that  the  current  hangs  on  and  reverses  in  a  very 
short  time.  That  is,  the  effective  width  of  the  brush  is  not  the  whole 
brush,  but  only  a  very  small  part  of  it.  The  same  for  Figs.  3,  4,  7, 
8,  and  9.  Figs.  7,  8,  and  9  are  especially  interesting.  The  useful 
current  in  the  coil  is  its  value  before  commutation  and  is  caused  by 
conditions  of  the  outside  circuit.  The  rise  of  current  in  these  three 
cases  is  due  to  some  active  electromotive  force  in  the  coil  short  cir- 
cuited by  the  brush.  This  causes  a  current  limited  by  the  resistance 
offered  by  the  coil,  the  brush  and  the  brush  contact  surface.  It  is 
therefore  an  eddy  current  and  may  be  especially  harmful.  Now  the 
real  cause  of  the  bad  effect  of  poor  commutation  when  brought  to  its 
essence  is  too  high  a  current  density  in  some  part  of  the  brush  or  in 
some  part  of  the  commutator  bar.  This  heats  both  bar  and  brush, 
eating  away  the  brushes  and  roughening  and  pitting  the  commutator. 
From  what  has  been  said  it  will  be  seen  that  any  departure  from  the 
straight  line,  Fig.  2,  has  the  effect  of  making  a  thinner  brush  and 
therefore  a  higher  current 
density.  In  fact,  the  steep- 
ness of  the  curve  may  be 
taken  as  a  measure  of  the 
current  density  at  any  par- 
ticular point.  This  is  not  ^i^s- 
necessarily  the  case  when  the  steepness  occurs  at  the  center  of  the 
curve.  Consider  the  case  of  a  brush  covering  two  bars  or  less,  the 
steepness  being  at  the  center.  In  this  case  the  worst  that  can  happen 
is  that  half  the  brush  carries  the  whole  current,  as  the  number  of 
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bars  covered  by  the  brush  would  increase  the  local  density  would 
also  increase,  but  in  any  case,  a  curve  perpendicular  at  the  center 
would  not  mean  an  infinitely  high  density  at  the  center.  So  long 
as  the  brush  covers  two  bars  or  more  the  more  the  active  surface 
will  not  be  less  than  the  surface  of  one  bar. 

If  it  is  necessary  to  have  a  higher  density  at  one  part  than  an- 
other, the  best  place  is  at  the  center  of  the  brush  and  following  this 
the  trailing  edge  of  the  brush.  The  worst  place  to  have  a  high  cur- 
rent density  is  the  leading  edge.  The  reasons  for  this  are  that  the 
spark  is  usually  pulled  at  the  leading  edge  as  at  this  point  the  brush 
and  bar  finally  separate.  A  high  density  at  the  edge  of  the  brush 
usually  means  a  high  density  at  the  edge  of  the  bar  resulting  in  pit- 
ting this  edge ;  and  a  high  density  at  the  center  of  the  brush  offers 
better  opportunities  for  the  brush  cooling  itself  than  if  this  occurs  at 
one  edge. 

Therefore  the  shapes  of  commutation  curves  in  order  of  their 
value  are  Figs.  2,  3,  6,  4,  8,  5,  7  and  9.  Fig.  2  is  the  ideal  commu- 
tation. Fig.  3  is  very  good.  Figs.  7,  8  and  9  are  usually  exception- 
ally bad,  though  it  is  possible  to  have  a  certain  amount  of  eddy  cur- 
rent and  get  very  fair  commutation. 

HIGH   RESISTANCE  BRUSHES 

We  are  now  in  a  position  to  consider  how  we  can  obtain  these 
various  curves.  In  the  first  place  suppose  that  the  brush  moves  very 
slowly,  that  there  is  no  self-induction,  or  induction  from  any  outside 
source,  and  that  the  resistance  of  the  armature  coil  is  zero,  and  that 
the  only  factor  which  we  can  consider  is  the  resistance  of  the  brush 
contact  surface  and  that  this  is  constant  over  the  whole  surface.  In 
this  case  the  current  entering  the  brush  from  each  bar  depends  upon 
the  amount  of  the  bar  covered  by  the  brush.  That  is.  the  current  in 
the  coil  will  vary  from  one  extreme  value  to  the  other  in  a  straight 
line,  in  other  words,  we  have  perfect  commutation.  It  is  possible  to 
obtain  equally  good  results  by  the  use  of  a  brush  of  varying  resist- 
ance and  carrying  capacity  which  will  cause  curves  of  Fig.  3  or  6 
without  any  of  the  objections  to  this  style  of  curve,  as  the  brush 
would  be  especially  designed  to  take  care  of  it.  In  general  the  only 
limit  to  the  amount  of  current  which  we  can  commute  in  this  way  is 
the  straight  carrying  capacity  of  the  1)rush,  and  wo  can  say  that  we 
will  obtain  perfect  commutation  with  every  machine  if  the  resistance 
of  the  contact  surface  of  the  brush  is  infinitely  high  compared  to  the 
resistance  of  the  coil  and  if  wc  can  arrange  other  forces  so  that  they 
annul  each  other.     The  first  of  these  conditions  is,  by  the  way,  not 
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an  impossibility.  For  all  practical  purposes,  we  obtain  it  in  almost 
every  direct-current  machine.  Let  us  now  suppose  that  the  resist- 
ance instead  of  beini;"  in  the  brush  contact  surface  should  be  in  the 
armature  coil,  that  is,  the  resistance  of  the  coil  should  be  infinitely 
high  comi)ared  with  the  resistance  of  the  brush  contact  surface.  We 
would  then  get  the  case  shown  in  Fig.  lo.  That  is,  the  instant  the 
brush  touched  a  bar  the  current  in  the  coil  drops  to  zero  imtil  the 
brush  leaves  the  bar.  This  is  a  case  of  extraordinarily  bad  commu- 
tating  conditions.  The  whole  current  in  the  coil  comes  through  a 
very  thin  piece  of  the  brush.  This  burns  the  brush  and  burns  the 
commutator.  An  approach  to  this  condition  is  found  in  the  use  of 
copper  brushes.  With  carbon  brushes  and  the  ordinary  style  of 
armature  winding  if  other  forces  are  absent  the  commutation  curve 
varies  very  little  from  a  straight  line.  With  copper  brushes  it  may 
vary  considerably  from  a  straight  line. 

HIGH    RESISTANCE    COILS   OR    LEADS 

If  we  place  the  resistance  in  the  armature  lead  our  condition  will 
be  slightly  different  from  the  above.     If  the  width  of  the  brush  is  the 
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same  as  the  width  of  the  bar  our  conchtions  will  be  the  same  as  al- 
ready shown  in  Fig.  lo.  If,  however,  the  brush  covers  two  bars, 
the  condition  will  be  as  shown  in  Fig.  ii. 

Fig.  12  shows  the  conditions  present  if  we  have  a  brush  covering 
three  bars  and  as  the  number  of  bars  increases  the  conditions  will  ap- 
proximate the  condition  of  resistance  in  the  brush  contact  surface. 

Under  most  conditions,  however,  the  effect  of  high  resistance 
leads  is  to  make  the  edge  of  the  brush,  and  therefore  of  the  bar,  carry 
an  undue  amount  of  current. 

In  a  general  manner  we  can  say  that  if  we  can  annul  all  other 
forces,  the  proper  place  to  put  high  resistance  is  in  the  brush  con- 
tact surface.  A  high  resistance  in  the  armature,  either  in  the  coil 
or  in  the  leads,  is  a  distinct  evil.     It  is  a  detriment  rather  than  a  help. 

In  most  machines  the  external  forces  acting  on  the  short-cir- 
cuited coil  are  small  and  we  can  obtain  perfect  commutation  by 
means  of  high  resistance  brushes.  We  must,  however,  study  the 
effect  of  the  other  forces  which  may  enter.  In  the  first  place  there  is- 
induction  from  the  outside  circuit.     If,  for  example,  the  brushes  are 
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shifted  back,  the  commutated  coil  will  be  under  the  influence  of  the 
field  which  is  causing  the  current  to  flow  through  the  armature.  As 
has  already  been  pointed  out,  the  current  which  flows  through  the 
coils  before  they  are  commutated  is  limited  by  conditions  of  the  out- 
side circuit.  While,  if  there  is  an  active  electro-motive-force  in  the 
short-circuited  coil  the  current  which  causes  it  is  limited  by  the  re- 
sistance of  the  circuit  in  question,  namely  the  resistance  of  the  arma- 
ture coil,  the  leads  and  the  brush.  In  other  words,  the  current 
in  the  coil  will  hold  on  in  direction  of  value  and  will  not  reverse 
until  it  is  compelled  to  by  the  high  resistance  of  the  small  part  of  the 
bar  covered  with  brush ;  that  is,  we  will  have  commutation  according 
to  Fig.  5,  or  even  according  to  Fig.  7.  In  the  same  way,  if  we  rock 
the  brush  forward,  we  will  obtain  commutation  according  to  Figs. 
6  or  8. 

EFFECT  OF  SELF-INDUCTION 

Self-induction  may  be  defined  as  electrical  inertia.  Its  eflfect 
is  to  keep  the  current  flowing  in  the  same  direction  through  the  coil 
That  is,  its  efifect  is  to  cause  commutation  according  to  Fig.  5.  Also, 
self-induction  will  cause  commutation  according  to  Fig.  7,  though  the 
reason  for  this  is  not  apparent  at  once.  Self-induction  is  the  force 
which  tends  to  keep  the  current  in  a  coil  constant.  How,  then,  can  it 
increase  the  value  of  the  current,  especially  in  view  of  the  fact  that  it 
does  not  come  in  force  until  the  current  begins  to  decrease?  How- 
ever that  may  be,  experiments  undoubtedly  show  that  self-induction, 
if  sufficiently  bad,  will  cause  commutation  according  to  Fig.  9. 

From  these  figures  we  can  see  the  effect  on  commutation  of  that 
oldest  and  most  common  device,  shifting  the  brushes  forward.  Self- 
induction,  as  we  have  seen,  gives  the  curves  5  and  7.  A  forward 
lead  to  the  brushes  gives  curves  6  and  8.  The  combination  of  these 
to  5  and  6,  or  7  and  8,  will,  in  a  great  many  cases  give  a  closer  ap- 
proach to  the  straight  line  commutation.  The  limitation  of  the  ben- 
efits derived  from  this  arc  just  as  ])laitily  seen.  Tlie  voltage  induced 
in  the  coil  by  a  forward  lead  is  just  as  great  whether  there  is  a  cur- 
rent flowing  in  the  coil  or  not.  so  that  if  the  li^ad  is  removed  and  the 
brushes  left  in  their  forward  position  we  will  got  at  no-load  commu- 
tation according  to  curve  10.  Moreover  the  field  strength  is  weaker 
at  the  point  farthest  from  the  field.  If  then,  the  self-induction  be 
such  as  to  cause  commutation  according  to  curve  7  the  field  will  very 
often  not  be  of  sufficient  strengtli  to  reverse  the  current  at  entering 
and  entirely  too  strong  to  reverse  the  current  in  the  l)ar  which  is  leav- 
ing ;  as  a  result  we  will  get  commutation  according  to  Fig.  9. 
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It  is  interesting  at  this  point  to  study  the  effect  of  using  a  high 
resistance  either  in  the  lead  or  in  the  armature  coil. 

In  the  first  place  suppose  we  have  self-induction  only  causing 
commutation  according  to  curve  5.  In  this  case  we  can  easily  see 
that  high  resistance  leads  are  of  no  use,  although  they  cause  the 
reversal  of  the  current  to  begin  sooner  and  so  force  the  trailing  edge 
of  the  brush  to  carry  some  current,  yet  their  effect  on  the  extreme 
leading  edge  is  to  cause  even  a  worse  condition  than  we  had  origi- 
nally. This  will  be  seen  by  combining  curves  5  and  4.  Even  if  the 
self-induction  is  such  as  to  cause  commutation  according  to  curve  7 
the  value  of  high  resistance  leads  is  questionable. 

It  must  be  kept  in  mind,  however,  that  if  we  have  the  causes 
leading  to  curve  7  we  will  also  need  brush  shifting,  thus  causing 
commutation  according  to  curve  9.  It  is  here  that  we  see  the  value 
of  the  high  resistance  lead.  Its  effect  may  be  seen  by  combining 
curve  9  and  curve  4.  Its  tendency  is  toward  perfect  commutation. 
On  the  other  hand  its  limitations  are  just  as  quickly  seen.  This  ten- 
dency toward  perfect  commutation  is  at  only  one  load  and  brush 
position.  With  a  considerable  change  of  load  and  with  the  same 
brush  position  the  tendency  toward  eddy  currents  may  be  so  great 
that  the  high  resistance  cannot  keep  them  within  reasonable  limits. 

Another  objection  is  that  in  order  to  be  effective  the  resistance 
of  the  high  resistance  leads  must  be  a  considerable  proportion  of  the 
armature  resistance.  This  lowers  the  efficiency  of  the  machine  and 
adds  to  the  difficulty  of  cooling.  The  second  of  these  is  the  more 
important  of  the  two.  If  the  resistance  should  mean  an  efffciency 
lowered  by  one  per  cent,  or  even  two  per  cent,  the  lower  figure  being 
usually  above  the  mark,  it  means  only  one  or  two  per  cent,  in  the 
steam  consumption.  This  is  of  very  little  importance  compared  with 
getting  a  perfect  commutating  machine. 

The  second  objection,  the  extra  heat  to  be  dissipated,  will  often 
give  more  trouble. 

CHORD    WINDING 

A  great  deal  can  be  done  toward  obtaining  sparkless  commu- 
tation by  the  use  of  chord  winding.  For  the  benefit  of  those 
who  are  not  thoroughly  conversant  with  all  details  of  dynamo 
designs,  a  few  words  of  explanation  are  not  out  of  place.  As  is 
well  known  if  we  follow  the  coil  of  an  ordinary  drum  armature  we 
pass  from  the  commutator  to  the  armature  core  across  under,  it  may 
be  the  middle  of  one  pole  along  the  back  connection  across  the 
armature  core  under  the  middle  of  the  pole  next  succeeding  the  one 
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we  had  first  passed  under,  back  to  the  commutator.  That  is  the 
angle  between  the  two  sides  of  the  coil  is  as  we  usually  consider  it, 
the  same  as  the  angle  between  two  consecutive  poles.  There  is, 
however,  no  law,  mechanical  or  electrical,  compelling  us  to  make  the 
coil  in  this  way. 

So  long  as  the  two  sides  of  the  coil  are  never  under  the  same 
pole  at  once  there  will  be  no  serious  effects.  If  we  make  the  angle 
between  the  sides  less  than  the  angle  between  the  poles  we  will 
usually  make  the  cost  of  the  coil  slightly  cheaper.  When  the  angle 
between  the  sides  of  the  coil  is  the  same  as  the  angle  between 
the  poles,  the  winding  is  called  pitch  winding.  If  it  is  otherwise,  it  is 
called  chord  winding,  or  fractional  pitch.  With  pitch  winding  the 
direction  of  the  current  in  the  armature  coil  is  as  shown  in  Fig.  13, 
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FIG.     13 


FIG.    14 


where  in  commutation  one  coil  passes  from  points  i  and  6  to  2  and 
5,  and  the  other  coil  passes  from  3  and  8  to  4  and  7. 

If  we  have  chord  winding  our  condition  will  be  as  shown  in 
Fig.  14,  where  2  and  5  are  the  two  halves  of  the  C(m1. 

We  can  see  in  passing  the  first  advantage  that  if  we  have  the 
same  amount  of  brush  shifting  in  each  case,  the  distorting  ami  de- 
magnetizing efifect  of  the  armature  will  be  loss  with  the  chord  wiiu!- 
ing  than  with  pitch  in  proportion  to  the  ratios  of  tlic  angle  of  the  arc 
subtended  by  the  coil  in  the  two  cases. 

As  a  matter  of  fact  the  brush  shifting  is  loss  with  chord  wiiuling 
than  with  pitch  winding.  Consoquonlly  the  domagnotizing  olTect  of 
the  armature  is  always  less  with  chord  winding  and  the  distorting 
effect  is  usually  less.  This,  however,  is  a  point  which  affects  the 
amount  of  materials  used  on  the  field  coils  not  the  commutation. 
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EFFECT  ON  SELF-INDUCTION 

The  effect  of  chord  winding  on  commutation  is  very  marked.  In 
the  first  place  the  sparking  due  to  self-induction  is  less.  When  a  cur- 
rent flows  through  a  conductor  a  magnetic  field  is  set  up  around  the 
conductor.  If  it  is  imbedded  in  an  iron  slot  this  field  will  be  very 
much  stronger.  The  form  of  the  field  will  be  as 
~  shown  in  Fig.  15.  If  the  current  dies  away  a  volt- 
age will  be  set  up  in  the  conductor  due  to  the  dying 
away  of  the  magnetic  field.  If  the  current  reverses 
its  direction  this  voltage  of  self-induction  will  be 
FIG.  15  doubled  due  to  the  disappearance  of  these  magnetic 
lines  and  to  their  re-appearance  in  the  opposite  direction.  It  does 
not  matter  whether  in  a  machine  a  set  of  lines  surrounded  each  slot 
or  if  one  set  of  lines  surrounded  all  the  slots  on  one  side  of  the 
armature.  The  result  in  either  case  is  the  same.  In  chord  winding 
the  slot  passes  from  a  position  where  it  is  surrounded  by  a  flux  to 
a  position  where  there  is  no  flux,  or  vice  versa,  and  with  pitch  wind- 
ing it  passes  from  a  position  where  there  is  a  flux  to  a  position 
where  there  is  a  flux  in  the  opposite  direction,  that  is,  with  chord 
winding  the  self-induction  is  cut  in  half. 

It  should  be  pointed  out  that  to  get  the 
full  advantage  of  chord  winding  the  reduc- 
tion in  the  coil  span  should  be  so  great  that 
the  commutation  of  the  upper  coils  in  a  slot 
must  be  entirely  complete  before  the  commutation  of  the  lower  coils 
shall  have  begun  at  the  other  brush. 

EFFECT  ON   FIELD  DISTRIBUTION 

Many  writers  make  the  statement  that  to  have  good  commuta- 
tion we  should  have  a  wide  neutral  space  between  pole  tips,  so  that 
commutation  may  take  place  in  a  part  of  the  field  free  from  the  influ- 
ences of  the  poles.    Others  maintain  that  the  distance  between  pole 

tips  should  be  short  so  that  the  coil  will  al- 
ways be  under  the  influence  of  the  pole. 

Certainly  with  a  wide  distance  between 
pole  tips  we  will  have  the  advantage  of  bet- 
'  ter  ventilation  and  low  leakage.     If  there 

is  an  advantage  in  having  the  tips  close  together  the  same  advantage 
may  be  obtained  with  the  tips  far  apart  and  the  use  of  chord  winding 
so  arranged  that  as  one  side  of  the  coil  emerges  from  the  pole  the 
other  enters. 
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To  obtain  perfect  commutation  we  must  keep  down  the  value  of 
the  voltage  between  bars  covered  by  the  brush.  Suppose  one  meas- 
ure the  voltage  from  a  brush  to  each  commutator  bar  and  plot  the 
results  in  a  curve.  The  results  we  can  call  the  voltage  curve.  With 
a  wide  space  between  the  pole  tips  and  a  pitch  winding  or  with  a 
chord  differing  very  slightly  from  the  pitch  the  no-load  voltage  curve 
will  be  shown  in  Fig.  17.  At  full  load,  as  we  usually  express  it,  the 
field  is  pulled  over  into  the  neutral  space.  As  we  usually  conceive 
it  the  resultant  full-load  voltage  curve  is  as  shown  in  the  dotted  line 
Fig.  17.  If  this  represents  the  actual  conditions  the  contention  of 
those  who  assert  that  the  no-load  curve  should  be  as  above  are  cor- 
rect. As  a  matter  of  fact,  however,  the  conditions  are  not  entirely  as 
shown  in  this  figure.  The  full-load  voltage  curve  is  the  resultant  of 
two  curves.  One  component  is  the  no-load  full  voltage  curve  shown 
in  Fig.  17.  The  other  component  is  a  curve  of  armature  magnetiza- 
tion. The  no-load  curve  is  the  curve  due  to  the  main  field  and  lies 
directly  across  the  armature  from  one  main  pole  to  another,  the 
center  of  the  field  being  coincident  with  the  center  of  the  main  poles. 
The  curve  of  armature  magnetization  lies 
practically  at  right  angles  to  this  curve,  the 
center  of  the  field  being  coincident  with  the 
line  of  the  brushes.  Therefore  the  curves 
<,  are  those  shown  in  Fig.   18,  where  the  full 

line  curve  is  the  curve  due  to  the  main  poles 
and  the  dotted  curve  is  the  armature  alone.  The  full  load  curve 
may  be  obtained  by  taking  the  sum  of  these  two  curves. 

This  statement  may  be  very  easily  proven.  Take  the  voltage 
curve  of  any  machine  at  no-load  brushes  neutral.  Take  again  the 
voltage  curve  of  the  same  machine  full  current  full  voltage  brushes 
in  the  same  position.  The  curve  which  when  combined  with  the  no- 
load  voltage  curve  will  give  the  full  load  curve  may  be  obtained  by 
plotting  the  difference  ])etween  the  two.  It  will  l)e  found  to  be  a 
curve  of  the  kind  shown  in  the  dotted  line,  i-'ig.  18. 

This  curve  is,  by  the  way,  a  constant  over  a  very  wide  range  of 
voltages. 

This  curve  is  usually  steepest  at  the  brushes.  In  order  that  the 
full-load  curve  may  be  approximately  Hat  at  the  brushes,  that  is.  we 
get  zero  voltage  per  bar.  it  is  necessary  to  shift  the  armature  mag- 
netization curve,  that  is,  shift  the  brushes  to  such  a  point  that  ci^n- 
bined  with  the  no-load  cin-ve  we  will  get  the  Hat  ciMidition  desired. 
We  also  see  that  for  a  machine  with  a  wide  neutral  space  if 


310  THE  ELECTRIC  JOURNAL 

operated  with  brushes  in  no-load  neutral  position  there  is  little  to 
choose  between  the  commutation  at  full-load,  full  voltage  and  full- 
load  at  a  very  low  voltage.  In  certain  classes  of  machines  operation 
with  the  brush  in  this  position  is  a  necessity. 

If  now  we  use  a  narrow  chord  winding  we  can  so  adjust  the 
angle  of  the  chord  that  just  as  one  side  is  emerging  from  the  influ- 
ence of  the  pole  the  other  is  entering.  The  voltage  curve  of  such  a 
machine  will  be  an  acute  one,  Fig.  19  having  no  flat  portion  corres- 
ponding to  the  neutral  point. 

By  combining  curve  17  with  the  curve  due  to  armature  magneti- 
zation shown  in  Fig.  18  we  will  get  the  full  load  curve.  You  will 
note  that  while  this  resultant  curve  is  steeper  at  the  trailing  edge  of 
the  brush  it  is  more  level  at  the  leading  edge,  where  the  spark  is 
usually  formed.  Consequently  the  commutation  would  be  better. 
We  will  be  better  able  to  follow  this  by  considering  ths  commutation 
ciirve.  With  a  very  narrow  neutral  space  the  trailing  edge  of  the 
brush  is  in  the  back  field,  while  the  leading  edge  of  the  brush  is  in 
the  forward  field.  Consequently  the  commutation  curve  due  to  field 
alone  will  be  according  to  Fig.  3,  and  the  full-load  com- 
mutation curve  will  be  found  by  combining  Figs.  3  and  5,  a  combina- 
tion which  is  much  better  than  Fig.  5 
alone  and  is  without  the  disadvantage  of 
the  combining  of  Figs.  5  and  6,  in  that 
it  is  obtained  without  shifting  the 
brushes.  A  combination  which  should 
be  of  great  value  is  (a)  a  narrow  span 
to  the  armature  coil;  (b)  design  the  machine  so  that  a  great  number 
of  lines  enter  the  armature  from  the  pole  so  as  to  make  a  steep  volt- 
age curve  directly  at  the  brushes;  (c)  provide  the  armature  with 
high  resistance  leads;  (d)  a  thin  brush  covering  preferably  only  one 
bar. 

LIMITING  CONDITIONS 

In  this  way  it  should  be  possible  to  obtain  all  \\\2  advantages  of 
high  resistance  leads,  and  a  great  lead  to  the  brushes  without  the  dis- 
advantage of  having  to  shift  the  brushes. 

In  all  the  devices  which  we  have  so  far  considered  the  limits 
have  been  very  easy  to  see,  the  limiting  conditions  are  usually  very 
soon  reached  and  none  of  them  will  give  perfect  commutation  at  all 
loads  and  with  a  fixed  position  of  the  bruslies. 

A  high  brush  contact  surface  is  of  value  but  it  will  give  approxi- 
mately perfect  commutation   only  when   the   other   forces   are   low. 
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High  resistance  leads  are  of  value  only  when  we  have  self-induction 
and  a  great  forward  lead  to  the  brushes,  or  its  equivalent.  Chord 
winding,  even  with  all  the  refinements  we  can  suggest,  a  thin  brush, 
high  density  in  the  air  gap  at  the  pole  tips,  and  high  resistance  in 
the  armature  leads  will  merely  have  a  tendency  to  straighten  the 
curve  at  the  leading  edge.  It  will  not  straighten  it  over  its  whole 
extent  at  all  loads.  Moreover,  high  resistance  is  not  altogether  de- 
sirable. It  introduces  an  undesirable  amount  of  heat  which  must  be 
dissipated  and  it  lowers  the  efficiency.  The  high  magnetic  density 
in  the  air  gap  usually  means  also  a  high  magnetic  density  in  the  teeth, 
causing  a  considerable  armature  heating.  The  thin  brush  entails  a 
very  long  commutator,  which  for  high  speed  machines  especially 
brings  in  additional  mechanical  difticulties  with  what  is  already  a 
most  difficult  part  of  the  machine. 

AUXILIARY    COILS 

As  has  already  been  pointed  out  in  the  first  of  the  paper  if  we 
can  eliminate  all  forces  except  the  brush  contact  resistance,  we  will 
have  the  necessary  conditions  for  perfect  commutation.  As  was  also 
pointed  out,  for  all  practical  purposes  the  resistance  of  an  armature 
coil  may  be  considered  as  zero  compared  with  the  resistance  of  the 
brush  contact  surface.  Therefore,  if  we  can  eliminate  the  other 
forces,  that  is,  armature  self-induction  and  induction  from  the  out- 
side magnetic  circuit,  or  if  we  can  provide  means  for  their  annulling 
each  other,  we  will  have  in  every  machine  the  conditions  for  perfect 
commutation. 

Induction  from  the  outside  circuit  is  in  most  machines  induction 
from  the  main  pole.  It  is  a  very  simple  matter  to  make  the  distance 
between  the  main  poles  and  the  chord  of  the  armatm'e  winding  such 
that  the  commutated  coil  is  entirely  out  of  iuHuence  of  the  main  poles. 
It  remains  for  us  therefore  to  consider  the  other  force,  namely,  self- 
induction.  This  is  a  matter  which  to  a  great  many  people  is  shroud- 
ed in  a  great  mystery.  It  is  worth  our  while  therefore  to  go  back 
slightly  in  order  to  place  the  matter  in  as  simple  a  manner  as  possible. 

We  have  already  seen  that  if  the  area  of  the  brush  is  anij-tle  poor 
commutation  is  caused  by  too  high  current  density  in  some  parts  of 
the  brush.  It  amounts  to  the  same  thing  and  if  no  clearer,  is  at  least 
another  way  of  stating  it.  to  say  that  poor  commutation  is  caused  by 
too  high  voltage  between  bars  covered  by  the  same  brush. 

The  onlv  cause  of  voltage  between  two  ])arts  in  electrical  ma- 
chines is  {hat  the  conductor  connecting  the  two  i-»oints  is  cutting 
macrnetic  lines.     These  lines  can  come  U'om  onl\-  two  sources.     In 
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the  first  place,  the  main  pole.  These  we  have  just  considerecl.  The 
remainino^  source  is  the  armature  itself. 

As  the  current  flows  through  the  armature  conductors  the 
effect  is  precisely  the  same  as  if  the  armature  were  surrounded  by 
a  coil  of  wire  carrying  an  electric  current,  one  end  of  the  coil  being 
at  the  positive  brush  and  the  other  at  the  negative  brush.  There- 
fore the  armature  is  itself  a  magnet.  When  a  coil  is  commutated  it 
is  merely  moved  from  one  side  of  this  magnet  coil  to  the  other.  In 
doing  so  it  passes  across  the  part  where  the  number  of  lines  is  great- 
est and  a  voltage  is  induced  in  the  armature  coil. 

There  is  then  nothing  mysterious  in  the  idea  of  armature  self-in- 
duction. It  is  not  a  special  voltage  due  to  the  reversal  of  the  current. 
It  is  merely  the  voltage  set  up  in  the  coil  at  time  of  commutation  by 
the  coil  cutting  the  lines  of  armature  magnetization.  It  is  then  this 
armature  magnetization  that  we  must  annul.  The  usual  method  of 
dealing  with  this  cause  of  trouble  is  to  so  design  the  machine  that  this 
number  of  lines  is  so  small  that  the  voltage  induced  by  them  is  too 
small  to  cause  sparking. 

RYAN    WINDING 

One  of  the  early  attempts  to  seriously  grapple  with  the  trouble 
is  the  Ryan  winding,  which  was  brought  out  in  the  year  1895.  In 
this  winding  the  main  poles  were  bridged  across  with  a  piece  of  iron. 
Imbedded  in  this  were  wires  in  series  with  the  armature  current. 
These  wires  were  so  arranged  and  connected  that  the  current  flow- 
ing in  them  was  equal  in  value  and  opposite  in  direction  to  the  cur- 
rent flowing  in  the  armature  conductors.  The  idea  w^as  to  neutralize 
the  armature  magnetomotive  force  in  the  neighborhood  of  the 
brushes.  There  are  two  objections.  It  is  an  expensive  method. 
Doing  away  with  sparking  makes  heating  the  limiting  condition  in 
a  machine.  For  most  machines  we  have  found  other  cheaper  meth- 
ods of  reducing  the  sparking  and  making  heating  the  limiting  condi- 
tions. It  is  only  with  the  advent  of  steam  turbines  and  mcKlern  alter- 
nating-current, direct-current  motor  generator  set  requirements  that 
we  are  again  finding  that  commutation  is  the  limiting  condition. 
For  these  more  difficult  modern  requirements  the  purpose  aimed  at 
by  Prof.  Ryan  is  the  one  which  most  manufacturers  now  seek  to 
attain,  though  in  a  slightly  different  manner. 

SPECIAL   AUXILIARY    POLE 

A  very  clever  modification  of  this  idea  was  developed  abroad. 
Half  way  between  the  main  poles  is  placed  an  auxiliary  pole. 
This  consists  of  three  smaller  poles  side  by  side,  see  Fig.  20,  the  cen- 
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ter  one  of  which  carries  the  winding  of  a  very  few  number  of  turns. 
This  winding-  is  such  that  the  flux  caused  by  it  is  opposed  to  the  flux 
caused  by  the  armature  winding.  The  purpose  of  the  three  poles  is 
that  the  most  of  the  flux  caused  by  the  armature  winding  will  pass 
through  the  two  side  poles.  Since  this  flux  does  not  pass  through 
the  commutated  coil  it  can  do  no  harm.  The  coils  in  which  commu- 
tation is  taking  place  are  covered  by  the  central  pole  and  only  suffi- 
cient turns  are  placed  on  this  to  neutralize  the  winding  nearest  to  the 
commutated  coils.  There  is  an  error  in  this  reasoning.  In  order  to 
annul  the  flux  at  the  commutated  coil,  we  must  supply  sufficient  am- 
pere turns  to  annul  the  entire  armature  magneto-motive  force.  The 
case  is  that  a  coil,  the  inner  part  of  which  is  wound  non-inductively. 
There  will  be  a  flux  at  the  center  of  this  coil  regardless  of  the  fact 
that  the  center  coils  are  annulled. 

USUAL  TYPE  OF  AUXILIARY  POLE 

Commutating  poles  or  auxiliary  poles  in  their  usual  form  con- 
sist of  a  single  piece  of  iron  placed  over  the  commutated  coils.  This 
piece  of  iron  is  wound  with  turns  in  series  with 
the  main  current.  The  air  gap,  the  shape  of  the 
pole,  the  direction  of  winding  and  the  number  of 
turns  is  such  that  flux  due  to  armature  magnet- 
^^^'  ^°  ism  is  neutralized.     The  idea  is  not  new.     It  was 

first  suggested  by  Swinburne  in  1891. 

There  are,  of  course,  a  few  difficulties.  We  must  entirely  neu- 
tralize the  armature  flux.  For  this  it  is  not  sufficient  to  supply  as 
many  turns  as  we  have  on  the  armature  but  we  must  supply  more. 
In  a  machine  without  auxiliary  poles  the  armature  flux  is  the  flux  of 
armature  self-induction.  This  flux  lies  across  the  slot  and  in  the  air 
outside  the  armature.  There  is  also  a  self-induction  of  the  armature 
end  connections.  If  wc  place  over  the  commutated  coil  the  auxiliary 
pole  without  the  winding  we  will  have  an  additional  flux  due  to  the 
lower  magnetic  resistance  of  the  ])ath.  An  auxiliarv  coil  of  the 
same  ampere  turns  as  the  armature  will  annul  this  additional  flux, 
but  will  not  decrease  the  armature  self-induction.  That  is.  sufficient 
turns  must  be  placed  on  the  pole  so  that  no  lines  emerge  from  the 
armature  due  to  armature  magnetization.  Moreover,  at  least  enough 
must  enter  the  armature  at  the  pole  to  make  up  for  those  that  emerge 
at  the  armature  end  connections. 

In  addition  to  having  as  many  lines  enter  the  armature  due  to 
the  auxiliary  coils  as  emerge  due  to  the  armature  winding,  the  distri- 
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bution  must  be  the  same,  that  is,  it  will  not  do  if  we  first  cut  lines 
emers^inc^  from  the  armature  and  then  an  equal  number  of  lines 
entering  the  armature,  but  at  every  instant  during  commutation  the 
number  of  lines  emerging  from  the  armature  must  be  equal  to  the 
number  of  entering  lines  cut  by  the  commutated  coil.  In  other 
words,  for  a  given  air  gap  one  must  have  the  correct  number  of  turns 
and  the  proper  shape  pole  shoe. 

NUMBER  OF  TURNS  AND  SHAPE  OF  POLE  SHOE 

The  number  of  turns  and  shape  of  pole  shoes  are  matters  which 
each  manufacturer  learns  for  himself. 

Professor  Niethammer,  in  the  Electrical  World  of  October  15th, 
1904,  says  that  the  field  ampere  turns  exceed  the  armature  ampere 
turns  by  about  30  per  cent.  A  very  simple  method  of  discovering  the 
best  number  for  any  particular  machine  is  to  wind  sufftcient  turns 
and  shunt  off  till  the  proper  number  is  discovered.  The  machine 
could  then  be  left  with  a  shunt  permanently  across  these  coils,  just  as 
a  shunt  is  left  across  the  series  coils.  If,  however,  one  knows  the 
voltage  of  self-induction  of  the  machine  it  is  a  very  simple  matter  to 
calculate  the  number  of  turns  to  be  added.  As  for  a  practical  means 
for  learning  the  shape  of  pole  shoe  and  number  of  turns,  there  are 
two  methods  of  attacking  the  problem.  One  is  by  means  of  a  wave 
tracer.  With  wave  tracers  connected  to  the  armature  coil  so  as  to 
show  the  direction  and  intensity  of  current  in  the  armature  coil,  one 
can  obtain  at  once  the  curve  of  commutation.  Instead  of  getting  a 
pole  shape  which  will  give  the  curve  of  perfect  commutation  it  is 
well  to  err  slightly  in  the  direction  of  Figs.  3  or  6.  While  this  gives 
a  slightly  higher  current  in  the  center  or  the  trailing  edge  of  the 
brush  it  favors  the  leading  edge  where  the  sparking  usually  occurs. 

When  there  are  a  number  of  coils  in  a  slot,  this  wave  should  be 
taken  for  each  coil  in  the  slot  and  the  pole  shape  chosen  which  will 
give  the  results  which  are  best  from  a  consideration  of  all.  This 
method,  however,  usually  presents  difificulties. 

Another  more  practicable  method  of  discovering  the  proper 
shape  and  strength  is  to  take  a  distribution  curve  of  the  machine,  that 
is,  the  volts  per  bar  in  the  vicinity  of  the  brush  and  especially  across 
the  brush.  This  can  be  done  either  with  an  ordinary  oscilllograph 
connected  across  two  adjacent  commutator  bars  or  with  an  ordinary 
pair  of  finders,  measuring  the  voltage  between  various  pairs  of  points 
on  the  commutator  distant  from  each  other  the  thickness  of  a  bar. 
The  oscillograph  is  by  far  preferable.  One  usually  obtains  the  best 
results  by  having  the  pole  of  such  a  shape  and  strength  that  we  get 
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zero  volts  between  bars  and  one  should  err  on  the  side  of  getting  the 
pole  too  strong  rather  than  too  weak.  The  pole  should  be  such  that 
the  trailing  edge  of  the  brush  preferably  but  not  necessarily  is  in  the 
back  field  and  the  rest  of  the  brush  is  in  a  zero  or  weak  forward  field 
especially  the  leading  edge.  In  this  way  one  will  avoid  a  high  cur- 
rent density  at  the  edge  of  the  brush  and  will  concentrate  it  at  the 
center.  ^    . 

WIDTH   OF  POLE 

In  order  that  the  coil  be  under  the  pole  during  the  whole  of  the 
time  of  short-circuit  Prof.  Arnold,  in  his  address  to  the  Electrical 
Congress  at  St.  Louis,  gives  the  length  of  the  pole  face  as  the  thick- 
ness of  the  brush  increased  in  proportion  of  the  commutator  diameter 
to  the  armature  diameter  with  the  proper  correction  for  the  number 
of  coils  in  a  slot. 

CHORD    WINDING 

It  is  rather  a  shock  to  one  to  find  that  with  auxiliary  poles, 
chord  winding  is  of  no  special  benefit,  but  rather  the  reverse.  It 
slightly  reduces  the  number  of  turns  on  the  poles. 

On  the  other  hand  it  complicates  matters  and  takes  away  the 
flexibility. 

Fig.  21  shows  the  two  coils  commutated  simultaneously  at  the 

time  when  they  are  in  their  central  position.    Part 

of  the  coil  should  be  under  the  influence  of  the 

pole  continuously  from  the  beginning  of  commu- 

\     y    \     y        tation  to  the  end.     To  obtain  this,  the  pole  must 

If         ^  f  be  at  least  as  wide  as  the  distance  between  centers 

of  the  commutated  wires.     If  it  is  less  than  this, 

^^^  ^^  part  of  the  time  of  commutation  the  coil  will  not 

be  under  the  influence  of  the  auxiliary  pole. 

If  it  is  desired  to  make  the  pole  narrower  than  this,  it  will  be 
very  difficult  to  do  so  unless  the  distance  between  the  coils  is  so  great 
that  the  pole  may  be  narrowed  by  taking  a  piece  from  its  center.  If 
the  pole  should  be  wider  than  the  distance  between  the  two  wires  we 
again  come  into  difficulties,  because  if  we  make  it  wider  part  of  the 
time  both  halves  will  be  under  the  pole  at  once  and  we  will  get  double 
the  reversing  force  that  we  have  the  rest  of  the  time.  One  advan- 
tage of  chord  winding  may  be  noted.  With  chord  winding  lirst  one- 
half  of  the  coil  is  under  the  pole  anil  then  the  other.  The  effective 
width  of  the  pole  is  accordingly  double  what  it  would  be  with  pitch 
winding.  Since  with  auxiliary  poles  the  ventilation  is  considerably 
restricted,  this  might  be  a  considerable  advantage.     On  the  other 
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hand  wc  can  not  adjust  the  width  at  all  and  \vc  can  not  alter  the 
shape  unsyniinetrically. 

LIMITS  OF   AUXILIARY    POLES 

As  to  the  limits  of  the  advantages  of  auxiliary  poles,  it  is  diffi- 
cult at  present  to  speak  with  certainty. 

It  appears  for  all  time  to  make  mechanical  considerations  and 
temperature  rise  the  limiting  factor  in  dynamo  designs.  As  we  have 
already  said,  on  most  machines  we  have  already  learned  by  other 
means  to  make  these  our  limits.  That  is,  commutation  is  not  usually 
our  limiting  condition.  It  is  only  with  the  more  difficult  machines 
that  we  need  at  present  consider  it,  that  is  with  turbo  generators, 
alternating-current,  direct-current  motor  generator  sets,  variable 
speed  and  variable  voltage  machines. 

The  tendency  of  engine  construction  is  ever  toward  higher  speed 
and  its  consequently  decreased  floor  space.  We  are  learning  more 
and  more  the  advantage  of  ventilation  and  the  greater  output  of  ma- 
chines which  it  entails,  especially  with  the  higher  speed  machines. 
It  is  not  out  of  the  way  to  predict  then,  that  auxiliary  coils  will  also 
come  into  vogue  with  engine  type  machines  of  the  higher  speeds. 
The  degree  to  which  they  come  in  depends  on  the  efficiency  of  our 
ventilation.  Comparatively  speaking,  however,  their  use  will  be 
limited. 


THE  LUBRICATIONIOF  BEARINGS 

A.  M.  MATTICE 

AS  the  successful  operation  of  machinery  depends  in  large  part 
upon  the  ability  of  the  bearings  to  run  continuously  without 
undue  friction  and  wear,  the  proportions  and  details  of  the 
bearings  demand  the  utmost  care  on  the  part  of  the  designer.  In 
the  present  article  I  will  not  touch  upon  the  matter  of  the  proper 
proportions  of  bearings  for  various  conditions,  but  will  confine  my 
remarks  to  a  few  practical  observations  on  lubrication  and  features 
incident  thereto. 

In  a  great  many  cases  bearings  give  trouble,  although  the  sur- 
face velocity  and  pressure  per  unit  area  are  well  within  safe  limits, 
and  although  proper  lubricant  is  applied  in  ample  quantity,  the  trou- 
bles being  caused  by  the  lack  of  attention  to  small,  but  essential  de- 
tails. 

One  of  the  commonest  causes  of  trouble  in  two-part  bearings 
is  side  binding.  This  occurs  principally  in  vertical  engines  and  in 
other  machinery  where  the  principal  load  on  the  bearing  is  that  due 
to  the  dead  weight  of  the  rotating  part.  The  bearing  boxes  are  too 
often  bored  and  scraped  to  a  good  fit  all  around  without  being  eased 
off  to  prevent  wedging  action  near  the  parting  of  the  boxes.  This 
not  only  causes  a  tremendous  pressure  on  the  bearings  at  these 
points,  but  prevents  the  oil  from  getting  in  between  the  shaft  and  the 
bearings.  A  bearing  is  always  much  better  if  eased  off  so  that 
it  will  be  well  clear  of  the  shaft  for  at  least  20  degrees  of  arc  on 
each  side  of  the  center  line,  and  even  30  degrees  is  not  excessive. 
Many  designers,  especially  those  who  have  not  had  practical  experi- 
ence in  the  operation  of  machinery,  seem  to  dislike  to  lose  any  part 
of  the  bearing  area  by  easing  off  the  sides  of  the  boxes,  but  area 
at  these  points  is  more  detrimental  than  efficient,  and  bearings  which 
are  originally  made  with  all  around  contact  can  fro(|ucntly  be  im- 
proved by  the  use  of  hammer  and  chisel. 

Let  the  oil  have  a  fair  chance  to  get  in  its  work.  The  ctlges 
of  the  bearing  boxes  are  frequently  left  sharp,  thus  scraping  oil 
the  oil  instead  of  assisting  it  to  enter.  1  f  the  box  is  eased  oft'  to 
form  a  channel  for  the  oil.  meeting  the  shaft  approximately  on  a 
tangent,  (m1  will  ho  drawn  in  instead  of  being  scraped  oil. 

OIL  GROOVES 

In  the  matter  of  oil  grooves  also,  designers  fre(|uently  seem 
loth  to  .sacrifice  bearing  area,   apparently   k^sing   sight  of   the   fact 
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tliat  no  area,  no  mailer  how  great,  can  l)e  sufficient  unless  properly 
lubricated.  (3il  grooves  should  be  large,  arranged  so  as  to  keep 
the  oil  well  distributed,  and  should  have  the  edges  well  rounded 
off  to  facilitate  the  entrance  of  oil  between  bearing  and  journal. 
The  simple  removal  of  the  sharp  edge  of  the  groove  is  not  suffi- 
cient. Too  many  designers,  moreover,  seem  to  look  upon  the-  mat- 
ter of  oil  grooves  as  of  too  little  importance  to  be  worthy  of  their 
consideration,  but  rather  something  to  be  left  to  the  shop  to  take 
care  of,  or  to  be  neglected  entirely.  The  result  frequently  is  an 
oil  grooving  which  does  more  harm  than  good,  leading  the  oil  to 
certain  parts  of  the  bearing  and  leaving  other  parts  dry. 

METHODS  OF   LUBRICATION 

In  the  days  of  slow  moving  machinery  it  sufficed  to  use  tallow 
or  pieces  of  pork-fat,  placed  in  openings  in  the  bearing  caps  and 
resting  directly  upon  the  shaft.  As  machinery  grew  heavier  and 
speeds  increased,  the  necessity  for  some  more  efficient  means  of 
lubrication  made  itself  felt.  It  was  known  that  oil  was  a  good 
lubricant,  but  there  was  the  difficulty  of  applying  it  in  some  auto- 
matic manner  without  waste. 

Finally  some  genius  hit  upon  what  in  its  day  was  considered 
the  acme  of  perfection  in  the  matter  of  lubrication — feeding  oil 
by  means  of  wick  siphons.  A  number  of  holes  in  the  bearing  cap 
connected  with  the  oil  reservoir  above  the  level  of  the  oil.  In  these 
holes  were  placed  wicks,  dipping  in  the  oil.  The  rate  of  feed  was 
regulated  by  the  number  of  wicks  or  the  number  of  strands  in 
each  wick. 

It  was  not  so  very  long  ago,  either,  that  these  primitive  meth- 
ods were  the  only  ones  in  vogue.  When  I  first  went  to  sea,  some 
thirty-three  years  ago,  the  only  methods  of  lubrication  were  wicks 
for  the  engines  and  tallow  for  the  line  shafts.  The  introduction 
some  years  later  of  adjustable  drop-feed  oil  cups  was  a  marked 
improvement,  followed  later  by  the  addition  of  "sight  feeds,"  so 
that  the  attendant  could  see  what  was  going  on,  instead  of  increas- 
ing or  decreasing  the  feed  according  as  the  bearings  felt  too  hot  or 
otherwise. 

IMPROVED  SYSTEM    OF   LUBRICATION 

From  time  to  time  various  systems  of  improved  lubrication  have 
appeared,  such  as  ring  oiling,  chain  oiling,  felt  pads,  packed  waste, 
compression  and  spring  grease  cups,  etc.  But  with  the  exception 
of  the  "splasher"  system,  which  is  very  efficiently  used  in  a  number 
of  types  of  enclosed  engines,  the  old  type  of  drop-by-drop  lubrica- 
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tion,  feeding  the  oil  in  homeopathic  doses,  is  the  one  most  generally 
used  with  engines,  although  it  is  about  the  least  efficient  and  most 
expensive  method  of  all. 

The  smaller  the  amount  of  oil  fed  to  the  bearings,  the  more 
it  costs.  This  at  first  seems  paradoxical,  but  it  is  true  for  the  reason 
that  if  just  enough  oil  is  fed  to  the  bearings  to  permit  of  motion 
without  damage,  the  oil  becomes  "worn  out"  by  excessive  fric- 
tion. If  on  the  other  hand  an  excess  of  oil  is  supplied,  a  less  quan- 
tity is  actually  worn  out,  while  the  excess  can  be  recovered  and 
us?d  over  again. 

This  old  system  of  drop-by-drop  lubrication  is  not  only  waste- 
ful, but  it  leads  to  danger  of  cutting  the  bearings  by  reducing  the 
oil  supply  to  a  dangerous  minimum.  It  is  not  altogether  the  fault 
of  engine  builders  that  this  form  of  lubrication  is  the  one  most 
generally  used  by  them,  but  rather  because  purchasers  will  not 
stand  the  slight  additional  first  cost  of  a  better  method. 

Ring  oiling  and  kindred  systems  are  very  efficient  for  a  large 
class  of  bearings,  but  unfortunately  are  not  well  adapted  to  engine 
work,  especially  in  large  sizes,  although  some  designers  have  done 
some  very  good  work  along  this  line.  Ring  oiling,  however,  is 
admirably  adapted  to  many  forms  of  electrical  apparatus,  and  is 
probably  used  to  a  greater  extent  in  that  class  of  machinery  than 
in  any  other. 

Grease  and  similar  lul^ricants  have  their  limitations,  but  are 
ideal  lubricants  for  many  purposes,  and  in  engine  work  can  be 
used  to  good  advantage  on  the  smaller  parts  of  valve  gear,  and 
even  on  eccentrics. 

■Supplying  oil  under  pressure  is  a  necessity  with  step  bearings 
which  carry  very  heavy  weights,  and  has  been  applied  with  success 
to  horizontal  bearings  where  the  work  is  extremely  heavy ;  but 
this  class  of  lubrication  may  be  considered  as  adaptable  only  to  spe- 
cial cases  where  it  is  an  absolute  necessity,  to  be  avoided  if  possible. 

CENTRAL  GRAVITY  SYSTEM  OF  LUBRICATION 

The  central  gravity  system  of  lubrication,  which  has  come  into 
extensive  use  in  engine  installations  within  the  past  few  years,  has 
resulted  in  a  marked  saving  in  cost  of  lubrication  and  the  elimina- 
tion of  bearing  troubles,  and  the  details  of  such  systems  are  well 
worth  the  serious  attention  of  engineers.  I  refer  to  the  systems 
v/hich,  while  varying  in  details,  comprise  essentially  an  overhead 
supply  tank,  pipes  leading  to  all  bearings  with  valves  for  regulating 
the   supply,  arrangements   for   catching    the    overflow   oil,   settling 
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tankr.,  filters  and  pumps  for  reliirninL;'  the  oil  to  the  supply  tank, 
the  whole  system  being"  automatic,  and  resulting  in  a  continuous 
circulation  of  oil.  Although  this  system  is  at  present  used  princi- 
pally in  large  installations,  it  has  been  used  with  success  in  smaller 
plants,  and  I  believe  that  engineers  would  be  fully  justified  in  using 
it  in  installations  of  single  engines  of  large,  or  even  moderate  size. 
Its  success  is  not  only  due  to  the  saving  of  labor,  as  in  large  installa- 
tions, but  by  supplying  an  excess  of  oil  to  the  bearings  the  oil  does 
not  become  "worn  out"  as  in  the  drop-by-drop  system,  thus  result- 
ing in  a  reduction  of  oil  bills. 

FLOODED  SYSTEM  OF  LUBRICATION 

A  further  extension  of  the  principle  of  continuous  circulation 
of  oii  obtains  in  the  flooded  system  of  lubrication  which  has  come 
into  use  in  connection  with  steam  turbines.  In  fact,  this  system 
was  introduced  by  Parsons  before  the  central  gravity  system  for 
reciprocating  engines  came  into  vogue.  This  system  consists  in 
supplying  to  the  bearings  as  much  oil  as  will  flow  through  them ; 
the  oil  carrying  away  the  heat  of  the  bearings  and  being  cooled  in 
a  tubular  cooler  before  going  back  to  the  bearings  again.  The  oil 
is  not  forced  into  the  bearings  under  pressure,  but  simply  supplied 
at  a  head  of  from  a  few  inches  to  several  feet — just  enough  to  allow 
it  to  flow  freely  to  the  bearings.  As  the  oil  is  nowhere  exposed  to 
the  outside  air,  circulating  only  in  a  closed  system,  it  collects  no 
dirt  and  does  not  need  to  be  filtered,  but  is  used  over  and  over 
again  continuously,  the  entire  oil  supply  circulating  through  the 
bearings  every  few  minutes. 

By  means  of  this  flooded  system  speeds  and  pressures  are  used 
which  would  otherwise  be  impossible,  and.  what  is  of  still  greater 
interest  to  the  owner,  the  oil  consumption  is  reduced  to  a  minimum. 
As  instances  of  this  I  would  cite  the  cases  of  two  installations  of 
400  kw  steam  turbines  of  the  Parsons  type  running  at  3  600  revo- 
lutions per  minute,  one  of  which  used  only  50  gallons  of  oil  in  six 
months  and  the  other  one  ^^  gallons.  At  another  plant  one  turbine 
of  400  kw  and  another  of  750  kw,  used  only  three  barrels  of  oil 
in  sixteen  months.  In  another  case  two  i  000  kw  turbines  used 
one-half  gallon  of  oil  per  turbine  per  week. 

Some  months  ago  I  crossed  the  Atlantic  on  the  turbine  steamer 
"Virginian",  and  upon  inquiring  about  the  consumption  of  oil,  I 
found  that  no  oil  had  been  added  to  the  supply  during  four  suc- 
cessive round  trips,  and  the  original  supply  had  not  appreciablv 
diminished.    The  service  tank  contained  a  little  less  than  150  U.  S. 
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gallons,  and  this  was  being  circulated  through  the  bearings  at  the 
rate  of  between  40  and  50  gallons  per  minute,  the  whole  supply  being 
circu'ated  in  less  than  every  four  minutes. 

In  the  case  just  cited  the  oil  referred  to  was  that  for  lubricating 
the  bearings  of  the  three  turbines.  The  line  shafting  was  lubricated 
by  the  old  drop-by-drop  method,  and  used  up  a  considerable  quan- 
tity of  oil,  whereas  the  more  exacting  needs  of  the  turbines  them- 
selves were  met  by  the  waste  of  practically  no  oil  at  all. 

As  another  example,  the  turbine  steamer  "Queen  Alexandria", 
which  in  the  summer  season  makes  daily  trips  on  the  Clyde,  used 
less  than  one  barrel  of  oil  during  a  season  of  between  four  and 
five  months. 

Users  of  engines  and  other  machinery  would  do  well  to  take 
a  lesson  from  the  results  of  steam  turbine  lubrication,  which  has 
demonstrated  beyond  a  doubt  that  the  supply  of  oil  in  large  excess 
of  that  actually  required  to  prevent  bearings  cutting  is  in  the  long 
run  the  most  economical,  and  far  in  advance  of  the  old  drop-by-drop 
method. 

TEMPERATURE  OF   BEARINGS 

Another  matter  upon  which  a  few  words  may  not  be  amiss 
is  that  of  the  temperature  of  bearings.  There  seems  to  be  a  wide 
misapprehension  as  to  what  is  a  safe  temperature.  I  believe  that 
much  of  the  idea  about  safe  temperatures  is  an  inheritance  from 
the  time  when  lubricating  oils  were  all  of  animal  or  vegetable  origin 
and  is  not  applicable  to  the  high-test  mineral  oils  of  today. 

Some  time  ago  I  happened  to  get  into  a  controversy  as  to 
proper  bearing  temperatures,  the  immediate  cause  of  which  was 
an  engine  whose  main  bearings  ran  at  a  temperature  of  about  135 
degrees  F.,  while  the  owner  claimed  that  a  temperature  of  over 
TOO  degrees  was  unsafe  and  produced  "expert"  testimony  to  that 
effect.  Knowing  from  experience  that  this  view  was  not  correct, 
but  requiring  testimony  to  the  contrary.  I  proceeded  to  have  exam- 
inations made  of  the  temperature  of  bearings  of  a  large  number 
of  engines  of  various  makes.  The  result  of  this  investigation 
showed  more  large  engines  running  with  bearings  at  temperatures 
over  tlian  under  135  degrees.  Many  bearings  were  running  at  over 
150  degrees,  some  considerably  higher,  and  in  one  case  a  continuous 
ten  perature  of  180  degrees  was  found,  and  in  all  of  these  cases  the 
bea:  ings  were  giving  no  trouble. 


LEMUEL  BANNISTER 


CALVERT  TOWNLEY 

THE  death  of  Lemuel  Bannister,  at  the  Hotel  imperial,  New 
York  City,  on  April  13th,  from  cancer  in  the  throat,  takes 
away  a  man  as  widely  known  and  loved  as  any  who  was  con- 
nected with  the  earlier  years  of  the  Westinghouse  interests. 

He  first  became  connected  with  the  Westinghouse  interests  in 
1887,  as  vice-president  and  general  manager  of  the  Fuel,  Gas  and 
Electric  Engineering  Company,  coming  to  them  from  R.  D.  Wood 
&  Co.,  of  Philadelphia. 

He  entered  the  Westinghouse  Electric  &  Mfg.  Company  in  1890, 
as  vice-president  and  general  manager,  and,  later,  on  the  expansion 
of  that  corporation,  was  made  first  vice-president. 

His  was  the  steady  hand 
that  never  left  the  tiller  dur- 
ing the  troublous  financial 
tempests  of  that  time,  and  his 
the  unruffled  composure  that 
met  every  difficulty  with  a 
confident  smile  that  declared 
the  battle  half  won. 

The  close  of  the  year  of  his 
advent  saw  the  storm's  abate- 
ment, and  during  the  next 
four  years  Lemuel  Bannister 
put  his  untiring  energy  into 
the  upbuilding  of  that  great 
industry. 
In  1895  the  scene  of  his  labors  was  transferred  from  Pittsburg 
to  New  York,  and  in  1897  on  to  London.  Thenceforward  Ameri- 
can business  knew  him  no  more,  but  the  reorganization  of  the  British 
Westinghouse  Company  on  a  larger  and  a  higher  plane,  of  the 
French  company,  the  beginning  of  the  German  company,  and  the 
laying  of  the  foundations  for  other  companies  bear  eloquent  testi- 
mony that  there  was  no  abatement  to  his  initiative  or  unceasing 
energy. 

In  1902  he  retired  from  active  business,  and  severed  his  official 
connection  with  the  various  Westinghouse  companies.     He  held  at 
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that  time  the  title  of  first  vice-president  of  the  Westinghouse 
Electric  &  Mfg.  Company.  He  was  a  member  of  the  executive  com- 
mittee of  the  British  Westinghouse  Electric  &  Mfg.  Company,  Lim- 
ited, and  a  director  of  the  French  company.  Since  then  his  residence 
has  been  in  Paris,  and  his  old  friends  on  this  side  have  had  to  be 
content  with  infrequent  visits. 

Lemuel  Bannister  had  an  intense  humanity.  His  personal  in- 
terest in  the  lives  and  loves  of  those  about  him  was  as  keen  as  it  was 
sincere,  and  they  reciprocated  with  a  personal  loyalty  that  years  of 
absence  have  failed  to  dim.  The  "Old  Guard  Dinner"  was  one  ex- 
pression of  this  feeling,  when  those  who  were  with  him  in  his  early 
Westinghouse  days  gathered  to  do  him  homage  at  a  loving  banquet 
during  one  of  his  American  visits  in  January,  1904,  an  occasion 
never  to  be  forgotten  by  the  participants,  rich  in  reminiscences,  and 
unique  alike  in  its  genuine  sincerity  and  the  mutual  pleasure  of  the 
hosts  and  their  guest  of  honor. 

Physically  robust,  Lemuel  Bannister  defied  fatigue,  and  clung 
tenaciously  to  his  work,  even  when  ill.  Prostrated  for  many  weeks 
in  Philadelphia,  in  1893,  with  a  dangerous  case  of  blood  poisoning, 
he  discharged  his  oftV:;nl  duties  from  his  hotel  bed-room,  and  direct- 
ed affairs  at  Pittsbu://!  over  the  long  distance  telephone,  while  flat 
upon  his  back. 

He  was  tenacious  of  purpose,  yet  patient  even  in  the  face  of 
exasperating  opposition.  His  way  was  to  win  by  logic,  and  by  the 
overwhelming  force  of  being  right,  combined  with  a  suave  diplo- 
macy that  never  failed  to  win  respect  and  liking,  even  from  his  bit- 
terest opponents.  Good  naturcd.  of  an  even  temperament,  a  ready 
talker,  and  blessed  with  a  good  memory,  his  many  interesting  ex- 
periences made  him  a  jolly  conu'ade. 

"Banny"  is  gone,  but  his  indelible  mark  is  on  the  electrical  de- 
velopment of  his  time,  is  on  the  great  corj)oration  {ov  which  h.? 
strove,  and  on  the  hearts  and  lives  of  all  his  "boys." 


THE  MERSEY  TUNNEL  AND  THE  LONDON  METRO- 
POLITAN RAILWAY  ELECTRIFICATIONS— II 

H.  L.  KIRKER 

THE  electrification  of  the  Metropolitan  railway,  London,  af- 
fected half  the  Inner  Circle  and  sixteen  miles  of  the  suburban 
line  running  north  from  Baker  Street  station.  The  "Dis- 
tric  Railway"  electrification  took  care  of  the  rest  of  the  Circle.  Two 
miles  of  the  Metropolitan  suburban  branch  and  most  of  the  Circle 
are  underground  tracks.  Both  companies'  trains  traveled  over  the 
entire  Circle.  In  addition  to  these  trains,  there  were  numerous 
trunk  line  ones  that  had  running  rights  over  certain  sections  of  the 
Circle.  To  successfully  accomplish  the  object  of  the  electrification, 
all  the  steam  locomotives  had  to  be  eliminated  from  the  underground 
service.  An  arrangement  was  arrived  at  among  the  various  compa- 
nies concerned,  and  the  Metropolitan  and  the  District  Railways  pro- 
ceeded to  carry  on  the  work  of  electrifying  the  Circle  simultaneous- 
ly, but  the  electrification  was  at  the  best  a  complicated  undertaking. 
We  are  considering  here  the  Metropolitan  and  are  concerned  with 
the  "District"  only  to  the  extent  that  the  two  services  overlapped 
on  the  Circle. 

The  initial  w'ork  on  the  Metropolitan  consisted  of  a  15000  hp 
central  station,  nine  sub-stations,  electric  trains  and  locomotives  in 
proportion.  Five  of  the  sub-stations  were  on  the  Circle,  the  others 
and  the  power  station  were  out  on  the  suburban  line.  The  building 
and  the  equipping  of  the  power  station  and  sub-stations  and  the 
equipping  of  the  rolling  stock  was  in  the  hands  of  one  firm.  The 
railway  management  co-operated  with  the  contractor  in  the  execu- 
tion of  the  work  and  in  the  program  for  the  initiation  of  the  new 
service.  As  the  work  progressed  the  railway  company  commenced 
to  build  up  its  operating  crew.  This  brings  me  to  the  point  I  want 
to  emphasize,  namely,  that  as  soon  as  we  commenced  preliminary 
running,  these  railway  men  were  turned  over  to  us,  and  I  had  as 
much  authority  over  them  as  if  they  were  on  my  own  pay  roll.  This 
arrangement  was  made  voluntarily  by  the  Metropolitan  manager. 
He  was  looking  forward  to  the  time  when  his  men  w'ould  have  to 
operate  the  plant  without  assistance.  He  w^anted,  when  that  time 
arrived,   to   have   an   operating   force   trained   to   concerted   action. 
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Everybody  that  was  concerned  in  this  working  arrangement  was 
advised  accordingly. 

The  program  was  simple.  Step  by  step  the  various  units  in 
the  power  station  and  sub-stations  were  set  in  motion  and  one  by 
one  the  trains  were  tested  out.  As  soon  as  sufficient  units  were 
available  a  few  steam  trains  were  taken  off  the  suburban  branch  and 
a  limited  electric  service  inaugurated.  As  more  units  became  avail- 
able the  steam  service  was  further  reduced  and  the  electric  service 
correspondingly  increased  until  the  scheduled  suburban  service  was 
attained.  The  construction  work  on  the  Circle  was  so  handled  that 
the  two  companies  started  a  limited  service  on  the  Circle  at  about 
the  same  time,  and  this  service  was  then  brought  up  and  scheduled 
in  the  same  way  that  the  suburban  branch  service  had  been.  There 
was  no  division  of  responsibility,  the  contractors  were  in  full  charge 
of  the  electric  operation,  the  railway  men  did  the  work.  The  staff 
was  increased  as  the  train  service  was  augmented,  and  our  super- 
vision diminished  as  the  men  became  familiar  with  their  work. 
Eventually  our  supervision  disappeared  and  the  responsibility  was 
then  transferred  to  the  railway  company.  A  brief  reference  to  the 
more  important  events  will  illustrate  the  general  policy  followed. 

The  usual  official  inspections  were  made  and  there  was  system- 
atic advertising,  but  nothing  spectacular  was  attempted.  In  Octo- 
ber, 1904,  an  exhibition  run  of  the  first  turbine  was  made  for  the 
board  of  directors,  and  during  the  next  month  school  trains  were 
operated.  In  December  the  second  turbine  was  put  into  commis- 
sion and  an  official  run  made  on  the  entire  suburban  branch.  This 
was  a  formal  affair.  There  were  many  representative  railway  and 
newspaper  men  among  the  guests.  The  banquet,  trial  run  and  in- 
spection occupied  an  entire  afternoon  and  passed  off  without  a  hitch. 

On  January  first,  1905,  the  electric  service  was  inaugurated  on 
the  suburban  line.  The  traffic  department  had  wanted  an  all-day. 
nine-train  service  at  the  outset,  but  the  railway  management  deferred 
to  the  contractor's  judgment,  so  the  initial  service  consisted  of  three 
electric  trains  running  ten  hours  per  day.  Later  in  the  montii  more 
electric  trains  were  substituted  for  steam  ones  and  during  the  next 
month  the  daily  operating  period  was  extinuled.  In  March  the  third 
turbine  was  put  into  commission  and  an  all-day  service  begun.  At 
the  same  time  the  responsibility  for  the  suburban  sub-station  opera- 
tion was  transferred  to  the  railway  company.  A  month  later  we 
relinquished  the  supervision  of  a  consideraI)le  portion  of  the  ordi- 
nary power  station  routine. 
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As  soon  as  the  work  on  the  Circle  had  advanced  snfficiently  to 
allow  preliminary  runs  a  formal  trip  was  made  on  this,  the  main  part 
of  the  system.  The  Circle  suh-stations  were  completed,  tested  and 
turned  over  to  the  railway  company.  On  July  first  a  limited  service 
was  inaugurated  on  the  Circle.  This  was  added  to  by  both  com- 
panies and  the  electric  locomotives  were  finally  put  on.  During 
September  the  load  on  the  whole  system  attained  the  normal  for 
which  the  power  plant  was  intended.  The  system  was  now  in  full 
swing.  The  Metropolitan  staff  were  practically  doing  all  the  operat- 
ing. There  was  now  no  further  occasion  for  the  contractor  to 
assume  the  responsibility,  so  in  October  it  was  formally  transferred 
to  the  railway  company. 

Thus  slowly  but  surely  the  electrical  service  replaced  the  steam 
service  in  a  complicated  system.  There  was  no  strain.  The  transi- 
tion was  made  almost  imperceptibly.  There  was  little  that  was  sen- 
sational during  the  transition  period.  The  few  incidents  that  did 
occur  would  not  have  been  considered  extraordinary  in  the  normal 
operation  of  any  railway  plant.  There  were  some  troubles  at  the 
power  station,  but  only  one  of  these  had  a  serious  effect  on  traffic. 
This  occurred  after  the  plant  had  been  in  operation  for  some 
months.  One  unit  was  carrying  the  entire  load.  There  was  a 
sudden  necessity  to  change  over  to  another  unit.  Some  of  the 
operators  became  flurried  and  damaged  slightly  the  condenser  air 
pump  belonging  to  one  of  the  spare  units.  Leaving  this  machine 
they  tried  the  next  and  damaged  it  also.  In  the  meantime  the  fault 
in  the  turbine  governor  gear,  which  had  caused  the  shut-down,  was 
being  repaired  and  this  turbine  was  finally  gotten  in  service  again, 
after  a  suspension  of  the  entire  train  service  for  twenty  minutes.  In 
the  sub-stations  there  were  but  few  incidents,  a  transformer  short- 
circuited,  an  armature  burned  out,  a  brush  holder  grounded  and 
several  cables  failed,  but  none  of  these  had  more  than  a  momentary 
effect  on  the  train  service.  There  were  some  delays  to  traffic  due  to 
trouble  with  the  rolling  stock,  but  this  was  not  of  a  nature  that  could 
be  charged  to  inexperience  on  the  part  of  the  staff. 

While  we  were  completing  the  initial  plant,  instituting  the  new 
service  and  breaking  in  the  railway  company's  staff  we  commenced 
the  installation  of  an  additional  unit  at  the  central  station.  This  unit 
with  its  boilers,  condensers  and  switch  gear  was  available  for  service 
soon  after  the  original  plant  was  transferred.  The  Metropolitan 
company  now  being  in  full  charge  of  the  plant,  there  was  no  occasion 
for  us  to  supervise  the  operation  of  the  additional  unit  so  it  was 
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transferred  to  the  railway  company  as  soon  as  the  trial  run  was 
made  on  it. 

At  the  yearly  meeting  the  board  of  directors  expressed  itself  as 
highly  pleased  with  the  smoothness  with  which  the  electric  service 
had  replaced  the  steam.  The  results  were  equally  gratifying  to  the 
contracting  company.  That  the  results  were  satisfactory  is  not  sur- 
prising.    They  were  the  logical  outcome  of  the  method  pursued. 

Now  a  word  or  two  of  comparison  in  the  two  cases  we  have 
been  considering.  The  Mersey  was  a  comparatively  simple,  self- 
contained  system,  but  the  railway  company  taking  matters  in  their 
own  hands,  attempted,  contrary  to  the  contracting  firm's  recommen- 
dation, a  complete  electric  service  at  the  outset.  We  have  seen  how 
disappointing  the  results  were.  The  Metropolitan  was  an  extensive 
part  of  a  complicated  group  of  roads,  and  that  its  steam  service 
could  be  replaced  by  an  electric  one  without  a  minute  of  mishaps 
was  not  generally  expected.  We  have  seen,  however,  that  the  rail- 
way company  co-operated  with  the  contractor,  that  there  was  no  di- 
vision of  responsibility,  that  the  transition  was  made  step  by  step, 
and  that  the  net  result  was  all  around  satisfaction.  This  brings  me 
to  my  conclusion,  which  is  this,  that  the  substitution  of  an  electric 
service  on  a  steam  road  can  be  made  a  simple  problem  if  the  pro- 
gram is  taken  in  hand  early  in  the  construction  period  and  the  co- 
operation of  the  railway  company  secured  in  a  gradual  change  over. 


THE  CALCULATION   OF   THE    ELECTRO-MOTIVE- 
FORCE  INDUCED  IN  TRANSMISSION  CIRCUITS 

METHODS  AND  CONSTANTS  FOR  DETERMINING  THE  ELECTRO-MOTIVE-FORCE 
OF  MUTUAL  INDUCTION  AND  OF  SELF-INDUCTION  IN  PARALLEL  CIRCUITS 

CHAS.  F.  SCOTT 

IN  a  preceding  article*  the  fundamental  physical  relations  be- 
tween current,  the  field  produced  by  the  current  and  the  electro- 
motive-force induced  by  the  field  in  parallel  circuits  has  been 
treated. 

It  was  shown  that  current  fiowing  in  a  wire  produces  a  mag- 
netic field  surrounding  the  wire,  the  density  of  which,  outside  of  the 
wire,  varies  inversely  as  the  distance  from  the  center  of  the  wire. 

It  was  found  that  the  total  field  between  the  surface  of  the  wire 
and  other  wires  may  be  represented  by  a  curve,  which  is  the 
logarithmic  curve,  and  which  possesses  a  number  of  important  char- 
acteristics. The  field  lying  between  two  wires  parallel  with  the 
current-carrying  wire  is  proportional  to  the  logarithm  of  the  distance 
to  the  more  remote  wire  minus  the  logarithm  of  the  distance  to  the 
adjacent  wire.  Now  the  difference  between  the  logarithms  of  two 
numbers  is  equal  to  the  logarithm  of  their  quotient.  Therefore,  the 
field,  and  consequently  the  electro-motive-force  also,  which  are  in- 
duced in  a  circuit  consisting  of  two  parallel  wires  by  current  in  a  con- 
ductor parallel  to  them  are  proportional  to  the  logarithm  of  the  ratio 
of  the  distances  of  the  two  wires  from  the  current-carrying  wire. 

If  there  be  a  second  current-carrying  wire  it  will  likewise  induce 
in  the  secondary  circuit  an  electro-motive-force  which  is  likewise 
proportional  to  the  logarithm  of  the  ratio  of  the  distances  of  the 
wires  of  the  secondary  circuit  from  the  second  current-carrying  wire. 
The  total  electro-motive-force  in  the  secondary  circuit  is  equal  to  the 
sum  of  these  two  electro-motive-forces.  Now  the  sum  of  the  loga- 
rithms of  two  numbers  is  equal  to  the  logarithm  of  their  product. 
Therefore,  the  electro-motive-forces  induced  in  a  secondary  circuit  by 
current  in  two  current-carrying  wires  is  proportional  to  the  loga- 
rithm of  a  single  number,  which  number  is  obtained  by  suitable  divis- 
ion and  multiplication  of  the  distances  between  the  several  wires. 

In  order  to  find  the  electro-motive-force  induced  in  the  second- 
ary circuit  by  current  in  the  primary  it  is  necessary,  therefore, 


*Tlic  Electric  Journal,  February,  igo6,  page  8i. 
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( 1 )  to  find  a  number  which  is  a  certain  function  of  the  distance 
between  the  wires ; 

(2)  to  find  its  logarithm,  and 

(3)  to  multiply  this  by  a  constant  which  applies  to  a  particular 
strength  of  current,  length  of  circuit,  and  frequency. 

One  wire  of  the  secondary  circuit  may  itself  be  a  current-carry- 
ing wire.  The  electro- motive-power  induced  in  such  a  circuit  by 
the  current  in  one  of  its  own  wires  (not  taking  into  account  for  the 
present  the  current  in  the  separate  return  conductor)  consists  of  two 
parts,  first,  that  due  to  the  field  lying  outside  of  the  current-carrying 
wire,  and  second,  that  due  to  the  field  inside  of  that  wire. 

This  case  may  be  conveniently  analyzed  by  employing  an  auxil- 
iary wire  as  a  part  of  the  secondary  circuit  in  place  of  the  current- 
carrying  wire.  If  the  auxiliary  wire  be  very  small  and  lie  at  the  sur- 
face of  the  current-carrying  wire  then  the  field  included  in  the  sec- 
ondary circuit  is  that  external  to  the  current-carrying  wire  and  is 
proportional  to  the  logarithm  of  the  distances  of  the  two  secondary 
wires  from  the  center  of  the  current-carrying  wire.  One  of  the  dis- 
tances is  its  radius.  Now  if  the  auxiliary  wire  be  moved  to  the  cen- 
ter of  the  current-carrying  wire  the  field  included  in  the  secondary 
circuit  will  be  augmented  by  the  field  within  the  current-carrying 
wire,  which,  as  shown  in  the  preceding  article,  is  for  a  given  current 
independent  of  the  diameter  of  the  wire. 

If  the  current-carrying  wire  (instead  of  the  small  wire  at  its 
center)  be  made  one  side  of  the  secondary  circuit,  the  electro-nK)live- 
force  is  likewise  due  both  to  the  field  outside  of  the  wire  and  to  the 
field  inside  of  the  wire.  The  field  outside  of  the  wire  has  the  same 
effect  in  the  two  cases,  but  the  field  inside  of  the  wire  is  less  efi'ective 
when  the  current-carrying  wire  is  a  part  of  the  circuit,  for  the  reason 
that  different  portions  of  the  wire  are  unequally  aft'ected.  The  cen- 
tral portion  of  the  wire  is  afifected  by  the  whole  internal  field,  but  ele- 
ments of  the  wire  near  the  surface  are  not  affected  by  that  portion 
of  the  field  which  lies  between  them  and  the  center.  The  resultant 
eft'ect  will  be  taken  as  that  produced  at  a  point  located  at  a  distance 
from  the  center  equal  tt)  0.7  of  the  radius,  since  one-half  the  area 
of  the  wire  lies  within  this  distance  and  one-half  without.  Between 
this  point  and  the  circumference  there  is  also  0.5  of  the  internal  field. 
Therefore  the  effect  of  the  internal  field  upon  the  electro-motive- 
force  induced,  when  the  current-carrying  wire  itself  is  a  part  of  the 
secondarv  circuit,  is  one-half  of  that  jiroiluced  when  a  sejxarate  wire 
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at  the  center  of  the  current-carrying  wire  is  substituted  for  it  as  a 
portion  of  the  secondary  circuit."" 

The  area  representing  the  internal  field  is  a  triangle.  If  the 
radius  be  i  and  the  strength  of  field  at  the  surface  of  the  wire  be  i, 
then  the  area  of  the  triangle  is  0.5,  and  half  the  area  is  0.25.  This  is 
to  be  added  to  the  external  field,  which  is  expressed  by  the  logarithm 
of  the  distance  to  the  second  wire  divided  by  the  radius  of  the  cur- 
rent-carrying wire.  The  expression  for  the  total  electro-niotive- 
force  therefore  includes  two  terms,  one  containing  a  logarithm,  the 
other  a  constant.  It  is  desirable  to  reduce  the  two  to  a  single  term, 
preferably  to  the  same  form  that  has  been  developed  for  mutual  in- 
duction. 

This  may  be  done  as  follows :  Let  the  radius  of  the  current- 
carrying  wire  be  i.  Replace  this  wire  by  a  smaller  wire.  The  field 
external  to  the  smaller  wire  will  be  the  same  beyond  the  distance  i 
from  its  center  as  the  field  produced  by  the  original  wire.  There 
will  be  a  field  between  its  surface  and  the  distance  i,  the  amount  of 
which  depends  upon  its  radius.  Let  the  radius  of  the  smaller  wire 
be  such  that  this  amount  is  just  equal  to  the  effective  internal  field  of 
the  original  wire.  This  is  the  case  when  the  radius  of  the  smaller 
wire  is  0.78  of  the  radius  of  the  larger  wire.  Therefore,  the  total 
effective  field  (both  internal  and  external)  of  the  original  wire  may 
be  found  by  determining  the  field  external  to  a  wire  which  has  a 
radius  equal  to  0.78  of  the  radius  of  the  original  wire.  The  latter 
may  be  expressed  in  the  desired  form,  namely,  a  single  term  involving 
a  logarithm.  Thus,  the  field  producing  an  electro-motive-force  in  a 
circuit,  one  side  of  which  is  a  current-carrying  wire,  is  proportional  to 
the  logarithm  of  the  quotient  of  the  distance  to  the  second  conductor 
divided  by  0.78  of  the  radius  of  the  current-carrying  wire. 

If,  likewise,  the  second  side  of  the  circuit  carries  the  return  cur- 
rent the  electro-motive-force  is  twice  as  great.  This  is  obviously  the 
ordinary  case  of  self-induction,  in  which  an  electro-motive-force  is 
induced  in  a  circuit  by  current-flowing  in  that  circuit. 

The  foregoing  relations  are  set  forth  in  the  accompanying  Fig.  i 


*In  a  preceding  article,  page  88,  second  paragraph,  in  which  the 
physical  relations  between  self  induction  and  mutual  induction  are  dis- 
cussed, it  is  stated  that  the  electro-motive-force  of  self  induction  in  a 
primary  circuit  is  "equal"  to  the  electro-niotive-force  of  mutual  induction 
in  a  secondary  circuit  which  occupies  the  same  position;  i.  e.,  at  the 
centers  of  the  current-carrying  wires.  While  self  induction,  as  pointed 
out,  may  be  considered  as  a  particular  case  of  mutual  induction,  yet  the 
electro-motive-forces  in  the  two  cases  are  not  exactly  equal  for  the  rea- 
sons set  forth  in  the  present  article. 
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and  the  table.  A  and  B  are  current-carrying  wires  of  the  primary 
circuit,  C  and  D  are  wires  parallel  to  them. 

In  the  first  three  cases  D  and  C  constitute  the  secoTidary  circuit, 
which  is  independent  of  the  primary  wires. 

In  the  next  three  cases  A  is  a.  current-carrying  wire  and  also  a 
part  of  the  secondary  circuit. 


FIG.  r 

In  the  last  three  cases  the  two  primary  wires  are  likewise  the 
serv)ndary  circuit.  The  latter  condition  may  be  derived  from  the 
first  by  assuming  C  moved  to  A,  and  D  to  B ;  then  a  becomes  0.78;' 
where  r  is  the  radius  of  A,  b  and  c  becomes  equal  to  e  and  (/  becomes 
o.ySr.  In  each  case  the  electro-motive-force  is  proportional  to  the 
logarilli'-;!  of  a  ratio. 

TABLE 

This  table  gives  the  logarithm  to  be  used  in  order  to  find  the  e.  m.  f. 
induced  in  various  arrangements  of  secondary  circuits  by  current  in  ./  or  in 
B  or  in  A  returning  by  B. 

h 
(i)      Current  in  A  ;  e.ni.f.  in  C — D;  log. 


c 

(2)      Current  in  IJ;  e.m.f.  in  C^ — D;  log. 


d 

(3)      Current  in  A  tS:  15;  e.m.f.  in  C — D;  log. 


be 
ad 


b 

(4)  Current   in   .\  :  c.ni.f.   in   .\ — 0;  log. ,;- 

*    o.78r 

e 

(5)  Ciu-rent   in   T. ;  e.ni.f.   in  A — D;  log.  -   - 

1)0 

(6)  Cm-rent  in  .\  6c  ?. ;  o.m.f.   in   .\— D  ;  log.         ,     , 

*    0.7S  rd 
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(7)     Current  in  A;  e.ni.f.  in  A — B;  log.  - 


e 

(8)      Current  in  B;  e.ni.f.  in  A— B ;  log. ^- 


o.78r 

e 

o.78r 


e 

(9)      Current  in  A  5:  B;  e.ni.f.  in  A — B;  2  log.       _o 

In  ca-e  (3)  which  is  the  general  case,  it  will  he  noted  that  the 
two  distances  (b  and  c)  in  the  numerator  involve  all  four  wires; 
also  the  two  distances  in  the  denominator  (a  and  d)  involve  all  four 
wires.  If  in  any  case  the  value  of  the  number  of  which  the  loga- 
rithm i:;  to  be  taken  is  less  than  unity,  the  reciprocal  may  be  taken  for 
convenience  without  affecting  the  numerical  value  of  the  result  (al- 
though the  sign  changes,  but  that  is  of  no  consequence  for  present 
purposes). 

The  logarithm  may  be  found  from  a  table  of  logarithms  or  from 
the  slide  rule. 

The  constant  by  which  the  common  logarithm  is  to  be  multiplied 
in  order  to  determine  the  induced  electro-motive-force  is  given  be- 
low : 


luency. 

Current. 

Length  of  Circuit. 

Co 

nstant. 

25 

I 

I  000  Feet 

.022 

25 

I 

I  Mile 

.116 

60 

I 

I  000  Feet 

.0528 

60 

I 

I  Mile 

.279 

The  similarity  between  the  constant  .0528  and  the  number  of 
feet  in  a  mile  may  be  an  aid  to  memory. 

A  recapitulation  gives  the  following  method  of  finding  the  elec- 
tro-motive-force  induced  in  various  cases  of  parallel  circuits. 

1.  Find  the  distances  between  the  current-carrying  wires  and 
those  in  which  the  electro-motive-force  is  induced,  including  in  cer- 
tain cases  the  radius  of  the  current-carrying  wires :  then  find  the 
quotient  corresponding  to  one  of  the  nine  cases  above  given.  If 
the  quotient  is  less  than  unity  it  is  more  convenient  to  use  its  recip- 
rocal. 

2.  Find  the  common  logarithm  of  the  quotient  either  from  a 
table  of  logarithms  or  from  the  slide  rule. 

3.  ]\Iultiply  the  logarithm  by  the  constant  applying  to  the  prop- 
er frequency  for  unit  current  and  length  of  circuit ;  multiply  by  the 
actual  current  and  length.  (The  electro-motive-force  is  directly 
proportional  to  current,  length  and  frequency.) 


THE  AESTHETIC  VERSUS  THE  ECONOMIC  VALUE 
OF  NIAGARA  FALLS 

THE  fate  of  Niagara  Falls  under  a  continuing  development 
of  electric  power  has  become  a  question  of  national  im- 
portance. The  Outlook  for  May  19th  contains  some  in- 
teresting arguments  from  both  the  aesthetic  and  the  industrial 
points  of  view. 

The  aesthetic  side  is  presented  by  the  Outlook  in  its  editorial 
columns. 

Mr.  H.  W.  Buck,  electrical  engineer  of  the  Niagara  Falls 
Power  Company,  gives  an  excellent  presentation  of  the  claims  of 
those  who  believe  the  industrial  value  of  the  Falls  is  more  im- 
portant than  their  purely  sentimental  value.     We  reprint  from  botli. 

NIAGARA   FALLS  FR0^[   THE  AESTHETIC   STANDPOINT 

The  increasing  regard  in  America  for  aesthetic  and  senti- 
mental values  is  something  with  which  law-makers  now  have  to 
reckon  and  to  which  the  spirit  of  commercialism  has  already  been 
forced  to  yield.  The  Outlook  heartily  believes  in  the  preserva- 
tion of  Niagara  Falls  as  a  great  scenic  feature  of  the  country. 

Is  the  prime  object  of  a  man  or  of  a  nation  to  amass  all 
material  wealth  possible  by  the  cheapest  methods  inventable? 
Or  have  beauty,  imagination,  poetry,  painting,  and  music,  which 
spring  from  wealth  of  the  spirit,  any  demand  upon  us  which  we 
arc  bound  to  supply? 

If  there  were  any  marked  tendency  of  the  American  people 
to  neglect  material  welfare  for  the  pursuit  of  aesthetic  beauty, 
it  might  be  very  well  to  call  public  attention  to  the  fact  that  a 
hundred  millions  of  dollars  run  to  waste  every  year  over  the  crest 
of  Niagara  Falls.  Hut,  as  a  matter  of  fact,  the  tendency  has  boon 
during  the  last  two  centuries  cpiitc  in  the  other  direction.  We  do 
not  need  to  be  urged  to  make  money  out  of  our  natural  resources; 
we  (Id  need  to  be  urged  to  jirotect  some  of  ouv  natural  resources 
from  the  corroding  and  destructi\e  side  of  monev-making.  It  is 
an  economic  waste  for  a  man  to  spend  his  time  and  money  in 
growing  a  rose  garden  in  front  of  his  Ikiusc — cabbages  and  pota- 
toes pay  better;  or  to  put  a  beautiful  Persian  rug  on  his  library 
floor — linoleuiu  can  be  washed  more  easily  and  costs  less.  Hut  it 
is  not  a  real  waste  to  collect  and  possess  these  objects  of  beauty. 
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No  man  lias  a  rii^ht  to  spend  nidrc  money  on  tliin,i;s  of  hcauly 
than  he  can  afford;  no  villai^e  ought  to  construct  and  maintain  a 
])ul)Hc  park  when  its  school-house  is  in  an  imsanitary  and  tumble- 
down condition.  i!ut,  fortunately,  this  country  can  very  well  af- 
ford not  merel\-  to  maintain  its  parks,  its  ])u])lic  waterways,  and 
its  mountain  ])rcserves,  but  it  can  afford  to  add  to  them. 

To  our  mind,  the  controversy  over  Niagara  Falls  is  one  of 
the  most  important  of  its  kind  that  has  ever  demanded  public  at- 
tention in  this  country,  since  it  is  a  test  case.  When  the  case 
is  thoroughly  understood  b}^  the  people  at  large,  we  have  every 
confidence  that  they  will  quietly  and  calmly  decide  to  preserve 
Niagara  Falls  from  the  encroachments  of  commercial  industry, 
and  will  devote  themselves,  if  necessary,  with  scientific  skill  and 
patience  to  the  discovery  of  some  other  means  of  supplying  the 
cheap  economic  power  which  we  trust  some  day  will  make  elec- 
tric lighting  and  street-car  travel  and  useful  manufacturing  much 
more  general  and  much  less  costly  than  the  managers  of  the  Ni- 
agara power  companies  have  been  able  or  willing  to  make  them. 

NIAGARA   FALLS   FROM   THE  ECONOMIC   STANDPOINT 

H.  W.  BUCK, 
Electrical  Engineer  of  the  Niagara  Falls  Power  Company 

There  are  two  sides  to  every  question,  and  the  recent  outcry 
from  all  (|uarters  of  the  country  against  the  use  of  Niagara  Falls 
for  power  purposes  ma}-  be  considered  as  the  expression  of  opin- 
ion only  from  those  who  look  upon  Niagara  Falls  as  a  national 
spectacle,  and  who  consider  that  its  only  value  to  the  nation 
can  be  represented  as  such.  It  is  quite  natural  and  proper  to  re- 
gard Niagara  Falls  from  the  sentimental  and  scenic  standpoint, 
for  it  had  been  so  regarded  for  many  years  before  it  became  a 
national  industrial  asset  of  great  economic  importance.  The  pro- 
test against  its  use  for  the  development  of  power  has  been  embit- 
tered by  the  erroneous  belief  that  the  capitalists  who  have  devel- 
oped the  power  of  the  Falls  have  been  the  only  ones  to  derive 
benefit  from  such  development. 

There  is  another  side  to  this  question,  however — the  econo- 
mic one— wdiich  has  been  forced  to  the  front  by  the  developments 
in  science,  engineering,  and  industry  during  the  past  ten  years, 
and  this  phase  of  the  situation  cannot  be  set  aside  without  care- 
ful consideration.  The  development  of  power  at  Niagara  to-day 
is  not  the  result  of  vandalism.  It  is  not  a  manifestation  of  the 
greed  of  the  capitalists  for  further  wealth,  nor  is  it  the  evidence 
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of  the  granting"  by  legislatures  of  monopolistic  privileges  to  the 
few.  Broadly  speaking,  it  is  solely  the  physical  expression  of 
the  law  of  supply  and  demand. 

The  prairies  of  the  West  have  been  turned  to  wheat-fields 
not  to  enrich  the  farmer,  but  because  the  wheat  was  needed  in 
the  growth  of  the  country.  The  lumber  lands  of  the  continent 
have  been  cut  and  destroyed,  not  to  enrich  the  lumber  dealer, 
but  to  satisfy  the  irresistible  demand  for  wood.  So  with  Niagara 
Falls,  the  water  is  being  diverted  for  power  purposes  solely  be- 
cause, in  the  economic  and  industrial  development  of  the  country, 
the  power  is  needed.  This  demand,  like  all  commercial  demands, 
is  the  net  result  of  the  actions  and  desires  of  all  the  individuals 
of  the  country. 

I'he  economic  value  of  Niagara  Falls  is  probably  understood 
by  vei-y  few  of  those  who  protest  and  petition  against  its  com- 
mercial use.  The  total  hydraulic  energy  of  the  Falls,  if  all  were 
developed,  would  represent  about  3500000  horse-power.  To 
generate  one  horse-power  continuously  for  a  year  by  a  steam- 
engine  requires  about  thirteen  tons  of  coal.  To  generate,  there- 
fore, continuously  3  500  000  horse-power  by  steam  would  require 
about  50000000  tons  of  coal  per  year.  To  generate  electric  power 
by  steam  with  the  most  modern  steam  plant  costs  not  less  than 
$50  per  horse-power  per  year,  allowing  for  fixed  charges  and 
operating  expenses.  Niagara  power  can  be  generated  and  sold  in 
large  quantities  for  $15  per  horse-power  per  year,  or  for  $35  per 
liorse-power  year  less  than  is  possible  from  the  use  of  coal  and 
the  steam-engine.  From  the  above  it  will  b^  seen  that  if  all  the 
hydraulic  energy  of  the  Falls  were  utilized  for  power  purposes, 
there  would  result  to  the  country  an  annual  saving  of  $35  per 
horse-power  for  3500000  horse-power,  or  $122500000,  and  in 
addition  there  would  be  an  annual  saving  in  coal  consumption  of 
50  000  000  tons.  These  figures  ilhislratc  what  it  costs  the  people 
of  this  continent  annually  to  maintain  Niagara  h^alls  as  a  spec- 
tacle. They  represent  the  saving  to  those  who  would  consume 
the  power,  and  not  the  profit  of  those  who  might  own  the  power 
developments.  This  waste  involved  in  prohibiting  the  de\elop- 
ment  of  Niagara  i)ower  might  be  likened  to  a  great  conllagration 
in  wliich  50  ooo  ooo  tons  of  coal  were  annuall}'  consumed.  Such 
a  conflagration  might  be  one  of  the  most  magniticent  sights  in 
the  world,  and  people  might  come  from  all  parts  to  view  it,  but 
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the  human  race  would  certainly  be  justifierl  in  using  every  effort 
to  stop  the  waste  by  putting  out  the  fire. 

The  men  who  have  risked  their  money  in  the  development  of 
the  povv'cr  of  the  Falls  have  only  obtained  a  reasonable  return 
on  th.eir  money  and  no  more.  They  have  not  grown  rich  through 
their  so-called  monopolistic  privileges,  as  is  generally  supposed. 
Those  who  derive  the  real  benefit  are  the  owners  of  manufactor- 
ies and  other  industrial  enterprises  using  Niagara  power  in  their 
processes  of  manufacture,  and  through  them  those  who  purchase 
the  manufactured  products  for  prices  which  would  not  be  possible 
without  this  cheap   power  used  in   their  production. 

The  electro-chemical  industry,  which  might  be  said  to  have 
originated  through  the  development  of  Niagara  power,  has  al- 
ready reached  enormous  proportions,  and  its  future  growth  de- 
pends largely  upon  cheap  electric  power.  Already  we  have  the 
carborundum  industry  and  its  widely  extending  applications;  the 
calcium  carbide  industry  and  all  the  acetylene  applications  de- 
pendent upon  it ;  the  production  of  artificial  graphite  and  emery 
to  replace  the  loss  caused  by  the  depletion  of  the  natural  deposits; 
the  caustic  soda  and  potash  industries;  and,  by  far  the  most  signi- 
ficant, the  production  of  aluminum.  All  of  these  industries  and 
many  others  are  dependent  for  their  existence  upon  the  cheap 
power  in  large  quantities  available  only  at  Niagara  Falls.  ]\Iany 
of  the  most  brilliant  minds  in  the  world  are  at  work  upon  the 
development  of  electro-chemical  processes  which  pre-suppose  for 
their  operation  the  availability  of  Niagara  power.  Processes  for 
the  electric  smelting  of  iron  ores  not  reducible  in  the  blast  fur- 
naces are  at  hand.  If  these  processes  caiuiot  be  worked  by  Nia- 
gara power,  it  will  result  in  incalculable  loss  to  the  United  States 
and  Canada. 

The  aluminum  iiulustry,  engaged  in  the  production  of  this 
most  important  metal  by  an  electrolytic  process,  requires  large 
amounts  of  cheap  electric  power.  The  power  item  in  the  pro- 
duction of  aluminum  is  so  large  a  factor  that  the  selling  price  of 
the  metal  must  be  proportioned  on  the  cost  of  power  used  in  mak- 
ing it.  The  applications  of  aluminum,  and  consequently  the  de- 
mand for  the  metal,  are  increasing  with  extraordinary  rapidity, 
and  unless  this  growth  is  to  be  stopped,  cheap  power  must  be 
available  in  large  quantities.  When  one  considers  that  the  metal 
aluminum  is  one  of  the  principal  constituents  of  the  earth's  crust, 
the  most  common  metal  in  our  globe,  and  far  more  abundant  in 
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nature  than  iron,  it  becomes  evident,  as  a  logical  deduction,  that 
it  is  destined  to  rank  in  importance  with  iron  and  steel.  This 
metal  cannot  be  reduced  from  its  ores  without  the  use  of  elec- 
tric power,  and  not  commercially  in  large  enough  quantities  with- 
out the  use  of  Niagara  power. 

All  of  these  fundamental  industries  and  the  various  interests 
allied  with  them,  together  with  their  thousands  of  employees, 
are  to  liave  their  ultimate  destinies  determined  in  the  settlement 
of  this   Niagara   power   matter. 

The  utilization  of  all  of  the  power  of  the  Falls  need  not  be 
considered  at  the  present  time.  Whatever  may  be  the  ultimate 
conditions  of  power  use,  it  is  not  now  necessary  to  go  further 
in  the  discussion  than  the  rights  granted  to  the  various  power 
companies  now  having  charters.  If  all  these  charters  were  fully 
developed,  about  1200000  horse-power  would  be  available,  or 
about  thirty-five  per  cent,  of  the  total  energy  of  the  Falls.  It  is 
not  probable  that  such  diversion  of  water  would  appreciably  af- 
fect the  appearance  of  the  flow  over  the  Falls.  The  eye  judges 
a  waterfall  largely  by  two  elements — height  and  width.  The 
diversion  of  thirty-five  per  cent,  of  water  from  the  crest  of  the 
Falls  for  power  purposes  would  not  influence  the  appearance  of 
the  Falls  in  either  regard.  By  well  known  laws  in  hydraulics, 
the  actual  change  taking  place  would  be  a  diminution  in  the 
depth  of  water  at  the  crest  of  the  Falls  and  consequently  in  the 
thickness  of  the  falling  sheet.  It  is  questionable  whether  such 
a  change  in  thickness  would  be  sufficiently  noticeable  materially 
to  impair  the  grandeur  of  the  general  outlook  at  Niagara.  The 
surroundings  and  settings  of  the  scene  would  remain  as  before, 
and  the  general  expanse  of  water  would  be  the  same.  The  Whirl- 
pool Rapids,  which  many  people  consider  the  equal  of  the  Falls 
in  interest  and  beauty,  would  remain  as  they  always  have  been, 
since  the  water  used  for  power  ])m"iK^scs  would  ho  returned  to  the 
river  above  them. 

There  has  been  considerable  fear  expressed  that  any  lurllior 
diversion  of  water  for  ])ower  use  would  dry  up  tlie  American 
Falls.  It  may  here  be  stated  that  in  the  course  of  time  the  Amer- 
ican Falls  will  become  dry,  regardless  of  the  development  of 
•  power.  Ten  times  more  water  now  passes  over  the  Horseshoe 
Falls  than  over  the  American  Falls,  and  the  consequent  scouring 
of  the  Canadian  channel  now  evident  will  drain  ofT  more  and 
more  water  from  the  American  side,    The  ultimate  salvation  of 
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the  Am.erican  Falls  will  be  found  in  the  plan  proposed  by  one  of 
the  power  companies,  and  offered  to  be  carried  out  as  a  condition 
of  its  development.  The  plan  is  to  dredge  a  Avide  channel  in  the 
reef  which  projects  out  into  the  middle  of  the  river  above  the 
American  Falls.  This  reef  has  very  little  water  on  it,  and  c(jn- 
sequently  it  acts  as  a  wing-dam,  deflecting  the  water  above  the 
rapids  over  to  the  Canadian  side  of  Goat  Island.  It  would  be  a 
simple  problem  in  hydraulic  engineering  to  dredge  a  channel 
in  this  reef,  so  that  more  water  could  be  restored  to  the  Amer- 
ican  Falls  than  could  possibly  flow  there  now  even  without  any 
diversion  for  power. 

The  economic  side  of  the  Niagara  problem  is  a  serious  one, 
and  it  cannot  be  set  aside  as  secondary  to  that  of  the  scenic  in- 
terests. It  must  be  cleared  of  the  prejudices  which  now  discredit 
it,  and  its  importance  to  the  country  at  large  must  be  recognized. 
Niagara  Falls  is  a  great  continental  asset,  not  only  as  a  scene, 
but  also  as  a  source  of  power,  and  any  fair  adjustment  between 
the  two  interests  must  be  made  upon  the  basis  of  a  reasonable 
compromise.  The  wave  of  exaggerated  sentimentalism  now  pass- 
ing should  not  be  allowed  to  sweep  aside  all  reason,  nor  be  the 
only  thing  considered. 


REGULATION  IN  VAPOR  CONVERTERS 

PERCY  H.  THOMAS 
Chief  Electrician,  Cooper  Hewitt  Electric  Company 

THE  question  is  often  asked,  "What  is  the  regulation  of  a 
Cooper  Hewitt  mercury  vapor  converter?" 
The  term  regulation  in  this  connection  means  the  drop 
in  voltage  produced  in  the  delivered  direct  current  by  an  increase 
in  current  from  zero  to  full  load,  assuming  the  voltage  of  the  alter- 
nating-current supply  circuit  to  be  constant.  This  term  is  usually 
used  in  connection  with  types  of  apparatus  supplying  energy  to 
constant  potential  devices. 

It  is  commonly  assumed  that  the  '"drop"  should  always  be  as 
small  as  possible.  Broadly  speaking,  however,  a  close  regulation 
may  or  may  not  be  desirable,  according  to  the  character  of  the 
apparatus  using  current.  With  apparatus  requiring  an  accurately 
constant  voltage,  such  as  incandescent  lamps,  constant-speed 
motors,  constant-potential  arc  lamps,  etc.,  as  small  a  drop  as  possi- 
ble is  desirable.  With  apparatus,  however,  which  should  be  sup- 
plied with  a  definite  current,  such  as  a  storage  battery,  a  close 
regulation  is  rather  a  disadvantage,  since  any  tendency  for  the  cur- 
rent to  vary  will  be  greater  with  close  than  with  poor  regulation. 
Constant-current  series  arc  lamps  are  an  extreme  example  of  ap- 
paratus requiring  poor  regulation  in  the  supply ;  in  fact,  the  drop 
must  be  artificially  so  magnified  that  on  any  value  much  exceeding 
a  definite  current,  the  supply  voltage  will  be  zero ;  and  on  any 
value  much  less  than  this  current,  will  be  nearly  the  maximum  of 
the  supply.  In  the  constant-current  regulator  for  series  arc  lamps, 
or  the  "tub"  transformer,  it  is  necessary  to  make  an  automatic 
alteration  in  the  impedance  in  series,  which  causes  the  voltage  drop 
with  increase  of  current,  in  order  that  this  drop  may  be  sufficiently 
great. 

When  a  circuit  has  a  very  poor  regulation,  or  when  the  supply 
has  a  considerable  ohmic  or  inductive  resistance  or  its  equivalent, 
it  is  commonly  said  to  have  a  certain  amount  of  "backing."  Series 
arc  lamps,  for  instance,  have  a  very  powerful  backing,  especially 
when  operating  with  less  than  the  maximum  capacity  of  a  circuit. 

Returning  now  to  the  Cooper  Hewitt  converter,  we  cannot  tell 
what  its  drop  will  be  without  knowing  the  character  of  load  for 
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which  the  outfit  has  been  designed,  for  instance,  whether  for  charg- 
ing batteries  or  for  running  constant-speed  motors.  The  actual 
drop  consists  of  two  parts, 

(i)  The  drop  of  the  bulb,  and 
(2)  The  drop  in  the  auxiliary  apparatus. 
The  drop  in  the  bulb  which  is  due  to  an  increase  of  current, 
is  nearly  zero,  being  slightly  negative,  i.  e.,  at  a  small  current  there 
is  a  certain  voltage  loss  in  the  bulb,  while  at  a  higher  current  a 
little  less  voltage  is  lost.  It  is  thus  evident  that  the  etTect  of  the 
bulb  is  just  the  reverse  of  that  of  resistance,  w'hich  causes  an  in- 
creased drop  with  increase  of  current,  and  will  tend  in  some  small 

degree  to  counter-balance  ohmic  drop 
in  other  parts  of  the  apparatus. 

The  drop  in  the  auxiliary  apparatus 
is  just  what  would  be  expected  from 
its  ohmic  resistance  and  other  charac- 
teristics in  connection  with  any  other 
electric  circuit.  For  instance  with  the 
circuits  shown  in  Fig.  i,  which  is  in- 
tended for  the  operating  motors,  we 
have  only  the  ohmic  and  inductive 
drop  in  the  auto-transformer  and  in 
the  sustaining  coil.  Since  the  sustain- 
ing coil  is  traversed  by  direct  current, 
this  is  principally  ohmic  loss,  which 
may  be  made  insignificant  in  amount. 
On  the  other  hand,  with  the  circuits 
shown  in  Fig.  2,  which  is  intended  for 
battery  charging,  a  poor  regulation  or 
a  certain  amount  of  "backing,"  as  it  is 
more  often  called,  is  obtained  by  the  introduction  of  an  impedance 
coil.  This  may  be  large  or  small  as  may  be  desired  for  the  partic- 
ular case  in  point. 

As  another  example,  we  may  use  a  Cooper  Hewitt  converter 
to  change  alternating  current  intended  for  constant  alternating- 
current  series  arcs  into  direct  current  for  direct-current  arcs.  In 
this  case,  the  whole  system  is  purposely  made  with  an  almost  in- 
finitely bad  regulation,  so  that  a  constant  current  instead  of  a  con- 
stant potential  results. 

T'he  regulation  of  the  vapor  converter  has  this  unique  char- 
acteristic ; 
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While  in  itself  it  does  not  cause  a  loss  in  voltage  (but  on  the 
other  hand,  a  slightly  rising  voltage)  due  to  an  increase  in  current, 
yet  it  enables  auxiliary  appliances  to  be  used  either  in  the  alternat- 
ing-current circuit  or  in  the 
direct-current  circuit  for 
obtaining  any  desired  char- 
acteristics of  voltage  regu- 
lation over  a  considerable 
range.  It  therefore  permits 
the  flexible  qualities  of  al- 
ternating -  current  devices, 
such  as  impedence  coils, 
"tub"  transformers  and  the 
like,  to  be  effectively  util- 
ized for  the  regulation  of 
direct-current  circuits.  In 
this  way  the  auxiliary  ap- 
paratus used  in  connection 
with  the  converter  may  be 
designed  to  give  a  very 
small  drop  for  constant  po- 
tential, or  an  enormously 
large  drop  for  other  serv- 
ice, as  may  be  desired.  The 
design  in  each  case  is  determined  by  the  well  known  laws  of  alter- 
nating-current apparatus. 


THE  APPLICATION  OF  THE  AUXILIARY-POLE  TYPE 

OF  MOTOR 

J.  M.  HII'l'LK 

TriE  auxiliary-pole  type  of  direct-current  motor  described 
in  the  last  number  of  the  Journal  represents  a  distinct 
development  in  variable  speed  motor  design  and  as  such 
presents  a  very  interesting  problem  to  the  designer.  The  re- 
sults obtained  in  this  type  of  motor  in  eliminating  sparking  and 
increasing  the  length  of  life  of  the  commutator  are  of  direct  bene- 
fit to  every  user  of  electric  motors.  The  action  of  the  auxiliary 
poles  and  windings  in  producing  sparkless  commutation  is  a 
matter,  however,  which  will  be  of  less  interest  to  the  purchaser 
and  user  of  motors  than  the  question  of  how  the  development 
of  a  motor  of  this  type  makes  a  distinct  saving  in  the  lay-out 
and  operation  of  the  industrial  power  plant  and  its  distributing 
system.    The  answer  brings  out  certain  facts. 

Up  to  the  time  when  the  auxiliary-pole  type  of  motor  was 
commercially  developed  there  was  no  single  voltage  variable 
speed  motor  with  suitable  speed  characteristics  which  could 
be  built  in  all  sizes  required  for  machine  tool  operation  and  for 
such  speed  variation  as  would  give  the  best  performance  for  each 
class  of  service. 

As  a  result  of  this  condition  of  affairs  it  was  necessary  in 
an  industrial  plant  where  there  were  motors  having  a  speed 
variation  of  three  to  one  or  higher,  to  install  a  generating  plant 
and  distributing  system  capable  of  delivering  a  variable  voltage 
at  the  motor  terminals. 

BALANCED  THREE- WIRE  SYSTEM 

The  three-wire  balanced  voltage  system  affords  the  simplest 
means  of  providing  this  variable  voltage  and  there  have  been 
very  many  successful  installations  made  where  this  system  has 
been  employed.  Only  two  voltages  are  employed,  usually  no 
and  220  volts.  The  voltage  between  the  outside  wires  of  the 
system  being  220  volts,  and  between  the  middle  wire  and  either 
of  the  outside  wires  no  volts.  There  is,  however,  a  certain 
amount  of  complication  and  special  work  involved  in  installing 
this  system  which  in  many  cases  prohibits  its  use. 

There  are  reciuired  in  the  power  house  either  three-wire  gen- 
erators with  stationarv  balancing  coils,  or  two  single  voltage  gen- 
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erators  operating  in  series,  or  a  single  voltage  generator  with  a 
balancing  set. 

The  distributing  system  consists  of  three  lines,  the  outside 
mains  having  capacity  to  carry  the  entire  load  and  the  third  line 
or  neutral  wire  having  capacity  to  carry  the  unbalanced  load, 
which  with  a  properly  distributed  load  is  usually  figured  to  be 
not  over  25  per  cent  of  the  total.  Under  the  worst  possible  con- 
dition of  unbalancing  the  neutral  wire  might  be  called  upon  to 
carry  50  per  cent  of  the  total  load.  In  ordinary  practice,  how- 
ever, all  three  wires  are  of  the  same  carrying  capacity. 

The  controllers  for  motors  operating  on  this  system   must 
be   capable  of   handling  two  voltages  and   applying  these   volt- 
ages successively  to  the  armature  terminals.   They 
are,  therefore,  of  special  design.     The  arrange- 
ment involves  handling  the  full  motor  current  on 
the  controller  contacts  used  in  mak- 
ing the  voltage  changes,  and  thus 
necessitates     a     more    cumbersome 
controller  than  in  the  case 
of  a  single  voltage  motor. 

UNBALANCED     THREE  -  WIRE 
SYSTEM 

The  three-wire  unbal- 
anced voltage  system  in- 
volves even  more  complica- 
tion than  the  tbree-wiro 
balanced  voltage  system, 
since  it  is  not  ix^ssil)le  to 
(listril)utc    the   load    on    tlu^ 

CONTROLLER   TOR   Al :XlLL\KV-POLE   VARL\BLE   SPEED  unbalaUCcd    SyStCUl    SO   aS    tO 

^^°™'*  insure  a  low  current  in  the 

middle  wire.  Throe  voltages  are  cmi)loycd,  as  before,  220  volts 
between  the  outside  wires,  then  80  volts  between  the  middle  wire 
and  the  outside,  and  140  volts  between  the  middle  wire  anil  the 
other  side.  This  system  is  unbalanced,  as  the  name  implies,  since 
with  a  motor  load,  the  motors  when  running  on  their  slow  speeds, 
will  all  be  connected  to  one  sitle  on\-uit,  i.  e.,  the  80  volt  side. 

'i^lie  wires  in  this  circuit  may,  therefore,  be  called  upon  to 
carry   the   current   corresitonding   to   the    total    nioliir   load  at   80 
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volts.  This  extreme  condilimi  is  one  unlikely  to  occur,  but  the 
varyini;'  demands  on  the  line  from  a  motor  load  are  such  that  it 
may  occur,  and  should  therefore  be  provided  for.  It  is  also 
necessary  to  provide  an  additional  amount  of  copper  in  all  the 
leads  so  that  it  may  be  possible  to  operate  the  majority  of  the 
motors  connected  to  the  system  on  the  lowest  \'oltage. 

The  controllers  are  more  complicated  than  those  for  the 
balanced  voltage  system  since  they  must  handle  an  additir^nal 
voltage  and  higher  currents. 

FOUR-WIRE    MULTI-VOLTAGK   SYSTEM 

The  four-wife  multi-voltage  system  employs  one  more  dis- 
tributing line  than  either  of  the  three-wire  systems  and  so  de- 
livers at  the  motor  terminals  a  ureater  number  of  voltages  and 
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CONNECTIONS    FOR    CONTROL   OF   VARIABLE  SPEED   MOTOR  ON   TWO-WIRE   SYSTEM. 

permits  a  wider  range.  The  voltages  in  use  commercially  are  40, 
80,  120,  200  and  240.  This  introduces  further  complication  and 
a  higher  cost  of  installation  since  the  balancing  set  for  the  sys- 
tem must  consist  of  three  machines,  or  two  machines  having 
three  commutators;  and  the  distributing  system  must  be  provid- 
ed with  sufficient  copper  to  carry  a  large  percentage  of  the  total 
load  connected  to  the  system  at  the  minimum  voltage,  or  at  any 
of  the  other  voltages  up  to  the  maximum.  This  involves  carry- 
ing from  the  power  house  four  wires  to  each  motor,  or  else  locat- 
ing balancer  sets  at  various  places  on  the  distributing  system 
and  carrying  the  four  wires  from  that  point.  The  controller  is 
also  necessarily  complicated  as  it  must  be  capable  of  applying 
the  various  voltage  steps  successively  to  the  armature  terminals. 
As  the  minimum  voltage  is  usually  40,  60  or  80  volts  the  cur- 
rents to  be  handled  are  liable  to  be  large,  causing  burning  and 
short  life  on  the  controller  and  contacts. 
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With  any  of  the  variable  voltage  systems  there  is  a  certain 
amount  of  complication  introduced.  It  may  be  said  safely  of  the 
above  systems  that  the  amount  of  complication  and  the  amount 
of  additional  copper  in  the  distributing  system  will  both  be  about 
proportional  to  the  number  of  voltages  used,  assuming  that  the 
same  maximum  voltage  is  used  in  each  case. 

TV/O-WIRE   SYSTEM    WITH    VARIABLE    SPEED    MOTORS 

With  the  advent  of  the  auxiliary-pole  type  of  motor  in  sizes 
and  at  speed  variations  suitable  for  all  classes  of  machine  tool 
work,  it  becomes  possible  and  desirable  in  many  industrial 
power  plants  to  install  standard  single  voltage  generators  and 
distribute  power  at  220  or  230  volts  to  all  motors.  It  is  then 
necessary  to  carry  only  two  wires  to  each  motor  and  as  only  one 


CONNECTIONS   FOR  CONTROL  OF  VARIABLE  SPEED  MOTOR  ON  THREE-WIRE  SYSTEM. 

voltage  is  to  be  handled,  all  the  power  distribution  will  be  at  the 
maximum  voltage,  and,  therefore,  the  amount  of  copper  installed 
in  the  distribution  system  will  be  a  minimum,  lliis  saving  in 
copper  becomes  a  very  considerable  item  when  it  is  born  in  mind 
that  as  compared  with  the  four-wire  multi-voltage  system  there  will 
be  just  one-half  as  many  lines. 

The  control  of  the  auxiliary-pole  type  motor  is  nuuh  sim- 
pler than  the  control  of  any  motor  requiring  two  or  more  volt- 
ages. The  only  currents  to  be  handled  in  the  controller  in 
changing  the  motor  from  one  speed  to  another  are  the  field  cur- 
rents which  are  small  and  easily  handled  in  the  controller.  The 
controller  used  may  be  made  very  compact  and  under  ordinary 
service  will  give  practically  no  trouble.    It  is  not  recommended  in 
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any  case  that  the  motor  be  controlled  by  separate  starting  and 
field  rheostats.  If  there  is  no  interlock  between  the  starting  rheo- 
stat and  the  field  rheostat  there  is  a  possibility  that  the  motor 
will  be  shut  down  when  operating  with  the  field  resistance  all 
cut  in  and,  therefore,  at  the  maximum  motor  speed.  If  the  motor 
is  again  started  with  the  field  rheostat  in  this  position  the  motor 
will  be  starting  up  under  extremely  weak  field  and  will  draw  a 
heavy  current  from  the  line  and  will  probably  damage  the  motor. 
There  is  no  possibility  of  such  an  occurrence  with  any  controller 
which  cuts  out  the  field  resistance  when  coming  to  the  oflf  posi- 
tion, or  with  an  interlocking  rheostat  combining  armature  resist- 
ance and  field  resistance  which  accomplishes  the  same  result. 

It  is  believed  that  the  saving  in  wiring  and  power  house 
equipment  made  possible  by  the  use  of  the  single  voltage  power 
distribution  will  of  itself  be  a  large  factor  in  leading  to  the  gen- 
eral adoption  of  this  system  for  industrial  plants.  At  the  same 
time  the  simplicity  of  the  distribution  system  and  the  control 
makes  the  handling  of  the  motors  easy  for  inexperienced  men 
and  insures  a  minimum  amount  of  trouble  and  interruption  to 
w^ork. 


T 


SELLING  CURRENT  TO  CITIES  OF  TWENTY 
THOUSAND  INHABITANTS* 

H.  C.  AYERS 
Manager  and  Superintendent  of  The  Greenville  Electric  Light  &  Power  Company,  Greenville,  Ohio 

HE  new  central  station  starting  operation  has  almost 
nothing  to  base  rates  upon,  and  when  an  investigation 
is  made  to  find  out  what  other  similar  stations  are  charg- 
ing, they  are  confronted  with  the  astonishing  fact,  that  the  prices 
range  from  two  and  a  half  cents  to  twenty-five  cents  per  kw-hr. 
In  flat  rates,  they  find  a  variation  almost  as  great.  This  is  due 
to  many  causes;  some  stations  charge  almost  all  their  expenses 
against  their  lighting  peak  and  consider  day  power  largely  in 
the  light  of  a  by-product  and  sell  it  at  a  very  low  price;  other 
stations  are  engaged  in  the  business  of  furnishing  heat  from  ex- 
haust steam,  and  in  order  to  have  a  large  quantity  of  exhaust 
steam  for  sale,  they  make  very  low  rates  for  power.  However, 
the  main  cause  for  this  great  discrepancy  lies  in  the  fact  that  the 
stations  are  entirely  ignorant  of  their  cost  of  production  and 
have  adopted  their  rates  without  careful  figuring. 

The  official  of  a  new  company  making  an  investigation  to 
find  a  proper  rate  to  adopt,  can  find  no  rational  reason  for  the 
large  discrepancy  that  he  discovers  and  concludes  that  the  cost 
of  producing  electricity  is  as  little  known  as  electricity  itself ; 
he  therefore  adopts  the  rate  which  is  deemed  advisable  and 
starts  operation  taking  a  gambler's  chance  on  making  profit. 
If  there  is  gas  competition,  he  probably  has  an  engineer  figure 
what  rate  he  must  charge  to  make  a  certain  amount  of  electrical 
illumination  cost  the  same  as  with  gas,  trusting  to  its  superior 
advantages  for  getting  his  customers.  There  are  two  general 
methods  of  charging  for  current  now  in  use  among  the  smaller 
stations  of  this  country,  one  being  a  flat  rate  of  so  much  per 
light  per  month,  the  other  being  a  straight  meter  rate  of  so  much 
per  kw-hr.  Both  of  these  systems  have  very  serious  objections 
and  it  is  the  purpose  of  this  paper  to  describe  a  combination 
system  using  a  fixed  charge  which  is  sin:ilar  to  the  flat  rate  in 
combination  with  the  meter  charge. 


*Froni  a  paper  read  before  the  Oliio    Electric    Lii^'ht    Association,    Aug- 
ust, 1905. 
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The  objections  to  the  flat  rate  are  pretty  well  known  to  most 
central  station  managers;  the  principal  one  is,  of  course,  that 
)  our  customers  will  waste  current ;  it  seems  to  be  against  human 
nature  for  a  man  to  be  careful  if  it  costs  nothing  to  be  careless. 
The  objections  to  a  straight  meter  basis  are,  that  it  does  not 
accurately  distribute  among  your  customers  their  proportionate 
share  of  the  costs  of  supplying  them  and  will  always  cause  some 
customers  to  be  operated  at  a  loss  to  the  company  and  others  to 
j)ay  in  excess  by  an  amount  which  makes  up  this  deficiency,  or 
in  other  words,  the  one  customer  is  helping  pay  the  other  custom- 
er's light  bill  and  this  system  discriminates  against  the  long-hour 
user  who  is  by  all  odds  the  more  desirable  customer,  and  the  one 
the  station  wants. 

The  question  of  rates  is  by  no  means  a  simple  one  after  sev- 
eral years  of  operation.  The  ratio  between  the  maximum  or  peak 
load  and  the  station's  maximum  capacity  is  constantly  varying, 
the  peak  creeping  up  toward  the  capacity  until  it  becomes  neces- 
sary to  install  new  machinery,  when  the  capacity  is  again  placed 
above  the  peak.  These  changes  very  materially  affect  the  fixed 
cost. 

I  have  assumed  for  the  sake  of  illustration,  a  station  of  300 
kw  capacity  with  a  peak  load  of  225  kw  and  a  total  production  of 
500  000  kw-hrs  per  year.  One  year's  costs  of  operating  this  sta- 
tion are  assumed  as  follows,  and  are  divided  into  fixed  costs  and 
varying  or  running  costs  as  follows : 

Fixed.  Running. 

Fuel   and   water    $4  000.00 

Oil,  wasite,  packing  and  chemicals 500.00 

Officers'    salaries    2  500.00 

Plant    labor    2  500.00 

Freight,  drayage  and   expressage lOu.oo 

Traveling   and   livery 200.00 

Office    sundries    100.00  100.00 

Plant  and   line   repairs i  000.00 

Taxes    800.00 

Insurance    200.00 

Depreciation    5  000.00 

Interest 6000.00 


Total $14  800.00  $8  200.00 

Grand   total    23  000.00 

Dividing  the  grand  total  by  500  000  gives  an  average  cost  of 
4.6  cents  kw-hr  at  the  switchboard  and  this  result  has  very  little 
bearing  on  selling  rates  as  will  presently  be  seen.  It  will  be 
seen  that  the  fixed  costs  ar?  t^Qse  \^;^X  4q  Pot  vary  with  the 
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amount  of  current  produced,  but  vary  with  the  size  of  the  plant 
or  its  capacity  to  produce  a  maximum  amount,  while  the  vary- 
ing costs  are  those  that  vary  with  the  production. 

Dividing  the  total  fixed  costs  by  the  maximum  load  of  225 
kw  gives  $65.78  per  year;  dividing  this  amount  by  twelve  gives  a 
result  of  $5.48,  which  is  the  fixed  cost  per  kw  ];er  month,  and 
this  amount  should  be  received  from  each  kw  of  load  which 
comes  on  the  peak  to  cover  the  fixed  costs,  the  varying  costs 
being  covered  by  a  meter  rate  as  follows : 

Assuming  a  loss  in  transmission  of  50  per  cent.,  we  will 
have  appearing  upon  the  customer's  meters  250  000  kw-hrs  and 
dividing  this  into  the  total  running  cost  gives  3.28  cents  per 
kw-hr. 

It  will  now  be  apparent,  that  each  kw  of  the  station  peak 
should  pay  $5.48  per  month  plus  3.28  cents  for  each  kw-hr 
shown  by  meter,  plus  a  charge  for  lamp  renewals  if  they  are 
furnished,  plus  a  profit,  and  any  system  of  rates  which  brings  an 
income  of  less  than  this  amount  in  any  customer's  case,  is  incor- 
rect and  any  system  which  charges  in  excess  of  this  amount,  is 
incorrect. 

We  will  assume  for  illustration  that  the  old  rates  of  this  sta- 
tion were  10  cents  per  kw-hr  on  a  meter  basis,  or  50  cents  per 
month  for  a  16  cp  lamp  on  a  flat  rate,  and  that  they  now  adopt 
a  combination  rate  of  30  cents  per  month  for  each  16  cp  lamp  as  a 
fixed  charge,  and  in  addition,  all  current  shown  by  meter  to  be 
fi\'e  cents  per  kw-hr. 

We  will  now  take  a  case  of  two  consumers  and  see  how  the 
dififerent  rates  correspond. 

Consumer  A  uses  16.5  kw-hrs.  per  moiith  by  using  one  16 
cp  lamp  10  hours  daily  for  30  days. 

Consumer  li  uses  16.5  kw-hrs.  per  month  by  using  ten  16 
cp  lamps  one  hour  daily  for  30  days. 

NEW   RATE. 

Consumer  A F.    C.    $  .30  Meter  83c  Total,  $1.13 

Consumer  B I*".    C.      3.00  Meter  83c  Total,     3.83 

OI.D    FLAT    RATE. 

Consumer  A .50 

Consumer  B 5.OO 

OLD    METER   RATE. 

Consumer  A 1.65 

Consumer  B T.65 

The  result  would  be,  consumer  A  would  take  his  light  on  a 

flat  rate  and  the  consiuner  11  his  on  meter  and  the  station  would 
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lose  oil  hotli,  or  if  the  station  luul  only  one  rate,  either  the  above 
flat  rate  or  the  above  meter  rate,  they  would  have  the  losinj^ 
customer  in  either  case  and  the  prcjbabililies  are,  the  other  would 
use  some  other  illuminant. 

It  is  interesting  to  note  in  this  case,  that  the  flat  rate  brings 
the  largest  income  and  it  is  generally  true,  that  customers  will 
willingly  pay  more  on  a  flat  rate  than  on  meter,  the  difference 
being  that  they  will  waste  more  than  they  pay  for. 

I  would  urgently  recommend  every  station  to  discover  its 
fixed  and  running  cost  and  to  this  end  would  suggest  a  careful 
study  of  a  paper  read  before  this  association  last  year  by  Mr. 
M.  E.  Turner,  which  treats  the  subject  very  fully. 

After  finding  these  costs  a  rate  may  be  adopted  consisting 
of  a  fixed  charge  and  a  charge  for  current  as  shown  by  meter, 
which  will  have  the  following  advantages :  It  will  accurately 
represent  your  costs  plus  a  profit  in  the  case  of  each  individual 
customer ;  it  will  be  a  rate  upon  which  you  can  make  yearly 
contracts;  it  will  be  a  rate  which  will  be  attractive  to  the  long 
hour  customer;  it  is  also  free  from  objectionable  meter  or  dis- 
count complications,  and  last,  but  not  least,  your  income  and 
your  customer's  bills  will  not  vary  as  greatly  as  on  a  straight 
meter  basis. 

In  the  application  of  this  form  of  charging,  there  must  be  a 
classification  of  customers. 

All  customers  who  come  regularly  on  the  peak  should  pay 
the  full  fixed  charge  for  the  capacity  connected  to  the  station 
lines. 

All  six  o'clock  closing  customers  coming  on  the  peak  during 
the  winter  season  should  pay  the  full  fixed  charge. 

Lodges  and  such  clubs  or  meetings  as  are  held  but  once  a 
week  should  pay  one-sixth  of  the  full  fixed  charge,  plus  a  certain 
small  percentage  to  cover  irregularities ;  this  is  for  the  reason  that 
the  same  station  capacity  that  was  used  by  one  on  Alonday  night, 
would  be  used  for  another  on  Tuesday  night,  and  so  on. 

Churches  use  on  Sunday  night  the  capacity  used  by  stores 
during  the  week,  but  should  pay  some  fixed  charge  to  cover 
midweek  meetings  and  extra  meetings  of  various  kinds. 

Residences  should  pay  the  fixed  charge  on  perhaps  one-third 
of  the  capacity  connected  ;  this  being  fully  up  to  their  require- 
ments at  the  time  of  the  peak.  At  times  there  will  be  enter- 
tainments when  a  residence  will  use  nearly  all  of  its  lights,  but 
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these  times  never  occur  in  many  residences  on  the  same  night, 
and  are,  therefore,  taken  care  of  by  a  vei-y  small  station  capacity, 
and  as  one-third  is  probably  a  high  estimate  of  the  portion  of  their 
total  equipment  turned  on  at  the  time  of  the  peak,  it  would  amply 
cover  this  extra  requirement.  I  have  also  considered  this  one- 
third  as  being  high  enough  above  the  average  residence  re- 
quirement to  cover  the  extra  cost  of  serving  residences  due  to 
their  scattered  location  and  the  necessity  with  alternating  current 
of  furnishing  large  transformer  capacity. 

The  adoption  of  this  rate  might  in  some  cases  cause  cus- 
tomers to  wire  only  that  part  of  their  residences  which  would 
be  used  on  the  peak  and  in  this  case  they  should  be  charged  the 
full  fixed  charge  instead  of  one-third,  it  would  be  advisable  to 
designate  which  rooms  should  be  on  the  fixed  charge  and  make  a 
general  rule  to  govern. 

Each  class  of  customers  will  have  to  be  treated  separately 
and  considered  as  a  detail  of  the  business  by  the  manager  who 
-•hould  give  the  matter  careful  attention  and  see  that  the  cor- 
rect fixed  charge  is  made,  bearing  in  mind  that  the  total  fixed 
charge  of  all  customers  should  represent  the  fixed  cost  as  figured 
from  expenditures. 


EXPERIENCE  ON  THE  ROAD 

SOME  TROUBLES  WITH  DIRECT-CURRENT  INSTRUMENTS 
ANDREW  McTIGHE 

THE  average  station  attendant  is  generally  considered  capa- 
ble of  installing  the  ordinary  types  of  direct-current  meters ; 
yet  either  through  ignorance  or  carelessness,  some  amusing 
as  well  as  serious  results  occur  where  meters  are  not  properly  con- 
nected or  occasionally  inspected  aftey  they  have  been  put  in  service. 

In  one  case  the  ammeter  on  a  25  kw  exciter  circuit  had  never 
given  satisfaction.  To  get  a  reading  the  case  of  this  instrument 
had  to  be  tapped  until  the  pointer  reached  a  place  where  further 
jarring  would  not  change  it.  The  scale  on  this  meter  was  graduated 
in  amperes,  but  in  reality  the  instrument  was  a  milli-voltmeter  meas- 
uring the  drop  across  a  German  silver  shunt  placed  in  series  with  the 
line  whose  current  it  was  to  measure.  Two  leads  joined  the  meter  to 
the  shunt,  and  these  leads  should  have  been  the  ones  used  in  calibrat- 
ing the  scale,  as  these  instruments  operate  on  about  45  milli-volts  and 
a  slight  change  in  the  resistance  would  change  the  reading.  The 
writer  was  called  upon  to  investigate  the  trouble.  Instinctively  he 
felt  over  the  connections  and  merely  tightening  up  one  of  the  bind- 
ing posts  with  his  fingers  to  make  good  contact,  corrected  the  fault. 
This  is  a  common  case.  A  dozen  like  it  could  be  cited,  where  oxidi- 
zation or  dirt  has  covered  the  leads  after  being  installed.  Without 
proper  care  given  to  the  connections  the  meters  would  not  read  ac- 
curately. 

On  another  installation  where  two  37.5  kw  direct-current  gen- 
erators driven  by  separate  gas  engines  ran  in  parallel,  there  had  been 
trouble  in  the  operation  of  the  plant.  One  machine  ran 
perfectly  while  the  other  had  always  given  trouble.  When- 
ever full-load  was  reached  and  it  was  so  divided  that  the  me- 
ters indicated  that  each  generator  was  taking  its  rated  load  of  300 
amperes  this  second  machine  would  fiash  and  spark  so  much  that 
within  a  year  its  commutator  had  to  be  turned  ofif  twice  while  the 
commutator  on  the  other  had  not  been  touched.  In  looking  after 
the  work  on  a  second  trip  the  engineer  was  rather  surprised  to  find 
such  a  condition.  He  discovered  that  the  engine  attached  to  the 
bad  machine  was  barely  able  to  carry  full-load,  while  the  other  ran 
along  finelv  under  all  conditions.     It  mav  be  well  to  remember  that 
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gas  engines  are  rated  at  their  maximum  capacity,  so  that  generators 
driven  by  them  are  very  rarely  able  to  carry  much  above  full-load. 
Investigation  showed  that  the  shunts  for  the  meters,  which  were 
of  the  same  type  as  those  just  described,  had  been  interchanged,  so 
that  one  instrument  read  about  i8  per  cent  high,  while  the  other 
read  about  22  per  cent  low,  and  in  actual  operation  the  one  ma- 
chine had  been  carrying  nearly  50  per  cent  more  load  for  a  year 
than  its  neighbor.  The  shunts  were  then  changed  to  make  the 
meters  read  correctly  so  that  each  generator  would  take  its  true 
share  of  the  load,  and  the  plant  has  ever  since  given  the  best  of 
results. 

Another  case  of  this  same  trouble  with  this  type  of  instru- 
ment happened  where  the  total  amperes  on  the  two  out-going  feed- 
ers of  the  system  failed  to  check  with  the  currents  indicated  on  the 
machine  ammeters.  Examination  of  the  shunts  revealed  the  fact 
that  the  ones  on  the  feeders  had  been  interchanged  and  when  the 
correction  was  made  the  sum  of  the  currents  indicated  on  the  feeder 
meters  always  equaled  the  machine  amperes. 

Quite  a  number  of  switchboard  instruments  are  made  in  such 
a  way  that  gravity  plays  quite  an  important  part  in  their  accurate 
reading,  so  that  in  mounting  them  on  the  board  it  is  essential  that 
they  be  set  plumb.  A  rather  disastrous  result  occurred  a  short  time 
ago  on  a  volt-meter  of  the  type  where  an  oil-immersed  plunger  is 
the  core  of  a  coil  of  wire  and  the  reading  is  the  result  of  the  plunger 
pull  which  is  dependent  on  the  amount  of  current  in  the  coil.  The 
successful  operation  of  a  piece  of  direct-current  apparatus  was  de- 
pendent on  the  voltage  being  maintained  close  to  500  volts.  The 
distance  from  the  generator  in  the  power  house  was  a  mile,  so  that 
allowing  a  drop  of  10  iK>r  cent,  the  voltage  was  held  at  550.  The 
service  became  so  bad  that  the  writer  was  sent  to  investigate  the 
trouble  and  on  reading  the  voltage  with  a  portable  meter  at  the 
operating  end.  it  was  found  to  be  585  volts.  The  voltage  at  the 
power  house  was  650  instead  of  550  as  indicated,  the  difference 
being  entirely  due  to  the  careless  mounting  of  the  volt-meter,  as 
the  scale  was  correct  when  the  meter  was  straightened  up. 

For  this  same  type  of  volt-meter  the  resistance  other  than 
that  in  the  coil  actuating  the  moving  element  is  wound  on  paste- 
board cards  and  coiUainod  in  a  cast  iron  box  to  be  mounted  on  the 
back  of  the  switchboard  directly  behind  the  meter.  A  complaint  was 
once  made  that  the  direct-current  vi^lt-meter  on  a  small  exciter  cir- 
cuit was  reading  180  volts  instead  of  no,  as  was  shown  on  a  por- 
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table  instrument.  The  engineer  sent  to  the  plant  iiKiuircd  where 
this  extra  resistance  had  been  mounted.  No  one  knew  anythinj^ 
about  it  and  by  following  out  the  circuit  for  the  meter  it  was  found 
that  it  had  not  been  mounted  at  all. 

The  attendant  stoutly  maintained  that  if  such  an  iron  box 
went  with  this  volt-meter  it  had  never  been  received  at  the  station, 
but  a  search  of  the  engine  room  revealed  the  missing  resistance 
buried  in  a  trash  barrel,  from  which  it  was  extracted  and  put  into 
service  with  satisfactory  results. 


A   HOT-WIRE  AMMETER 
E.  C.  WHEELER 

The  equipment  or  a  large  power  plant  was  recently  installed 
in  which  the  installation  of  the  generators  was  in  charge  of  one 
company  and  the  installation  of  a  bench  type  of  switch  board  for 
the  control  of  the  plant  was  in  charge  of  another  company.  The 
contract  for  the  control  apparatus  stated  that  the  use  of  the  finished 
board  or  temporary  apparatus  was  to  be  furnished  for  any  tests 
that  the  purchasers  might  desire  to  make. 

The  company  supplying  the  generators  was  ready  to  dry  out 
their  machines  and  notification  was  given  to  that  effect.  There  were 
no  ammeters  on  hand  and  none' to  be  had  at  that  time. 

Some  tests  had  been  made  by  the  writer  a  short  time  before 
to  determine  how  much  current  was  necessary  to  fuse  copper  wire 
and  some  notes  had  been  kept  of  the  amount  of  current  necessary 
to  heat  copper  wire  of  various  sizes  to  a  red  heat.  The  idea  occurred 
to  utilize  this  data  as  a  means  of  determining  the  amount  of  current 
in  the  generator  when  running  on  a  short-circuit  heat  run.  A  few 
experiments  during  which  a  thermometer  was  kept  in  the  windings 
of  the  armature  showed  this  to  be  a  thoroughly  practical  method, 
as  the  current  was  to  be  kept  constant.  The  switch  board  operator 
simply  had  to  look  at  the  hot  wire  to  note  the  current  approximately. 
This  arrangement  was  so  satisfactory  to  the  engineers  present  that 
they  expressed  the  purpose  of  following  the  example  if  ever  caught 
in  a  similar  situation. 
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rtonor  and  ?   ,       *                  t       •             r  t-,        •     ,  t- 

,      ...    .  tion  of  the  American   Institute  of  hlectncal  JLn- 

Institute  ^          ,      r    ,           ,                  ,           ,     , 

pj         .  gineers.     in  each  of  these  there  are  ideas  which 

are  rival  and  are  sometimes  thought  to  be  an- 
tagonistic. 

The  first  of  these  was  brought  out  by  President  \A'heeler's 
address.  It  dealt  with  a  function  of  the  Institute  which  is 
often  overlooked  in  the  energy  which  is  given  to  a  second  func- 
tion, which  may  be  termed  engineering  activity,  under  which  the 
publication  of  papers,  the  educational  influences  of  the  Institute, 
and  the  dissemination  of  engineering  and  scientific  information 
are  foremost.  Dr.  Wheeler's  theme  was  "Engineerinig  Honor". 
He  drew  attention  to  the  propriety  and  necessity  of  engineers  re- 
garding themselves  as  professional  men,  and  discussed  the  rela- 
tion of  the  professional  engineer  to  the  client,  to  the  public,  and  to 
the  engineering  societies.  The  engineer  is  to  protect  the  interests 
of  his  client,  advise  him  what  he  ought  to  have  and  see  that  he 
gets  it;  he  is  to  protect  the  public  against  misinformation  and 
waste  of  money  and  energy  in  wild-cat  schemes,  and  to  advance 
the  general  estimate  of  the  value  of  scientific  and  engineering 
work ;  he  is  to  support  the  engineering  societies,  contributing  to 
their  professional,  technical  and  financial  welfare,  because  the 
society  represents  his  art  or  craft,  because  it  is  to  his  advantage 
that  it  should  attain  a  position  of  strength  and  recognition,  and 
because  he  should  stand  well  among  the  members  of  a  society 
who  are  his  peers  and  whose  commendation  the  world  will  accept. 
He  classes  these  as  the  moral  duties  of  the  engineer. 

Engineering  is  so  closely  related  to  industrial  and  com- 
mercial activity  that  it  is  apt  to  l)e  considered  simply  as  one  of 
the  cog  wheels  of  modern  corporations,  whose  prime  end  is 
assumed  to  be  the  production  of  dollars.     It  is  well  that  the  pro- 
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fcssional  side  of  ciijuiiiccriiiL;  has  l)C'C'ii  thus  jjroniiiiently  lirouj^ht 
to  attention,  and  tliat  a  coniinittee  of  the  Institute  will  pnjh- 
ably  take  up  this  general  subject  with  the  object  of  putting  into 
crystallized  form  some  of  the  professional  standards  wdiich 
should  prevail  among  electrical  engineers. 

Dr.  Wheeler  finds  that  the  fundamental  principle  has  been 
summarized  by  Francis  Bacon  in  his  preface  to  the  "Maxims  of 
the  Law",  where  he  says : 

"I-  hold  every  man  a  debtor  to  his  profession ;  from  tlie 
which  as  men  of  course  do  seek  to  receive  countenance  and  profit, 
so  ought  they  of  duty  to  endeavor  themselves  by  way  of  amends 
to  be  a  help  and  ornament  thereunto." 

The  second  topic,  to  wdiich  reference  has  been  made,  is  the 
branch  work  of  the  Institute.  Through  the  courtesy  of  the  Cut- 
ler-Hammer Company  a  dinner  was  given  on  Tuesday  evening 
to  the  officers  of  the  Institute  branches  and  of  the  Institute.  At 
this  dinner  and  the  following  day  in  the  convention  the  repre- 
sentatives from  various  branches  reported  the  work  which  had 
been  done  and  asked  that  there  be  a  closer  relationship  between 
the  Institute  management  and  tlie  branches. 

The  governing  body  of  the  Institute,  composed  largely  of 
members  residing  in  New  York,  has  held  certain  ideas  with  re- 
gard to  the  proper  functions  of  the  Institute,  and  in  emphasizing 
the  importance  of  the  central  and  official  body  has  underesti- 
mated that  of  the  growing  branches;  while  the  scattered  mem- 
bers, clustered  in  a  score  and  more  different  places,  without  per- 
sonal contact  with  the  parent  body,  have  found  new  interests 
and  new  possibilities  in  the  local  organizations  of  the  Institute. 

Never  before  have  representatives  of  the  two  different  ideas 
been  brought  together  so  effectively  for  an  interchange  of  views 
and  a  mutual  understanding  of  ideas  and  purposes  as  on  this 
occasion.  On  the  one  hand,  the  officers  found  most  emphatic 
reports  of  the  good  results  which  the  branches  may  and  are 
achieving  and  a  most  serious  and  earnest  interest  in  the  broad- 
ening and  development  of  the  Institute  as  a  wdiole.  If  there 
lingered  any  idea  that  branches  should  be  held  back  lest  the}' 
rival  and  overshadow  the  parent  organization,  it  was  forgotten, 
as  no  such  spirit  was  manifest.  On  the  other  hand,  representa- 
tives from  branches  who  felt  that  they  had  been  too  much 
neglected  and  had  not  received  sufficient  assistance  and  co5pera- 
tion,  found  that  the  difficulty  lay  largely  in  determining  methods 
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and  in  developing  a  policy,  and  they  appreciated  some  of  the 
difficulties  in  the  administration  of  twenty  or  thirty  newly 
formed  branches,  differing  widely  in  their  surroundings  and  in 
the  character  and  scope  of  their  work. 

Throughout  all  of  the  discussion  it  was  significant  that  the 
question  at  issue  was  not  whether  the  branch  work  was  worth 
while,  but  it  was,  What  practical  methods  can  make  it  more 
effective?  and,  What  means  can  best  make  the  American  Insti- 
tute of  Electrical  Engineers  a  truly  national  organization,  com- 
posed of  many  constituent  branches,  with  a  strong  central  ad- 
ministration? 

Not  only  were  general  policies  discussed,  but  definite  plans 
were  suggested,  which  may  be  carried  out  during  the  coming 
year, 

Chas,  F.  Scott 


At  the   recent  meetings  of  the  American    Insti- 

The  Present    tute   of   Electrical    Engineers  at   Milwaukee  and 

Status  of       the   National   Electric   Light  Association   at   At- 

Protective      lantic  City,  more  than  usual  attention  was  given 

Devices         to  lightning  troul)lcs   and   devices   for   protection 

against    static    disturl)ances. 

At  the  Milwaukee  meeting  the  subject  was  treated  in  the 
form  of  papers  on  testing  and  operation  of  protective  devices. 
A  most  interesting  paper  was  presented  by  Mr.  Farley  Osgood, 
describing  the  troubles  experienced  at  New  Milford,  Conn.,  en- 
titled, "Experiences  With  Lightning  and  .Static  Strains  on  33000 
V^olt  Transmission  Systems". 

The  sum  of  his  experience  is  that  choke  coils  are  boncticial 
and  assist  materially  in  reducing  trouble  from  static  disturbances. 
Also,  that  the  series  resistance  element  of  nniltigap  lightning 
arresters  is  a  serious  obstruclion  to  the  lightning  discharges. 
The  further  obserx-ation  was  made,  which,  howexer,  was  well 
known  befcM^e,  that  the  omission  of  the  series  resistance  permitted 
the  arrester  to  hold  the  dynaniie  are  and  weld  the  cylinders  to- 
gether, thus  short-circuiting  the  system. 

The  paper  by  Mr.  IT.  C.  Wirt  corroborated  jirexious  data  on 
the  advantages  of  the  shiuited  nudligap  arrester  and  the  efficacy 
of  the  non-arcing  metal   allov. 
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The  report  of  Prof.  E.  E.  F.  Creighton  on  the  results  of  his 
laboratory  experiments  showed  the  interesting  fact  that  the  abil- 
ity of  the  non-arcing  metal  cylinders  to  suppress  the  power 
current  depended  largely  on  the  point  in  the  e.  m.  f.  wave  where 
the  break-down  of  the  gap  occurred.  If  the  break-down  occurs 
near  the  zero  value  no  current  will  follow.  If  the  spark  passes 
some  little  time  before  the  zero  point,  current  will  pass  but  will 
be  suppressed  when  passing  through  the  zero  point.  This  holds 
for  all  points  of  the  wave  until  the  zero  is  approached  again. 
The  most  severe  condition  is  when  the  peak  of  the  c.  m.  f.  wave 
is  still  to  follow  after  the  spark  has  passed.  This,  of  course,  is 
the  condition  in  which  the  largest  amount  of  energy  must  be 
taken  care  of. 

At  the  National  Electric  Light  Association  the  subject  was 
taken  up  in  the  form  of  a  report  on  the  results  of  lightning  pro- 
tection during  1905  from  operating  companies  in  various  parts 
of  the  country. 

The  report  shows  that  about  one-half  of  the  companies  have 
suffered  no  damage  whatever,  and  about  one-third  received  seri- 
ous damage  to  essential  apparatus.  With  these,  however,  the 
greater  amount  of  apparatus  lost  was  of  small  size  and  of  the 
older  types  having  imperfect  insulation  and  a  scant  factor  of 
safety.  While  considerable  data  was  received  and  tabulated, 
but  little  tangible  use  can  be  made  of  it  because  no  argument 
can  be  deduced  for  or  against  any  particular  device.  The  only 
inference  is  to  use  more  arresters  and  get  new,  well-insulated 
apparatus. 

The  following  facts  seem  to  be  pretty  well  established  by  the 
information   presented   at  the   two   conventions : 

The  non-arcing  metal  shunted  multigap  arrester  is  the  best 
known  device  for  suppressing  the  dynamic  arc.  Its  power  is 
limited,  as  too  great  a  flow  of  current  causes  a  ''hold-over". 
A  series  resistance  will  prevent  this,  but  a  resistance  is  difficult 
to  maintain  and  is  inherently  a  detriment  to  the  arrester.  For 
this  reason  the  ohmic  value  of  the  resistance  should  be  kept  as 
low  as  possible. 

Choke  coils  are  accepted  as  distinctly  beneficial  and  de- 
sirable. 

The  final  arrester  must  furnish  a  very  free  path  for  charges 
due  to  abnormal  potential  on  the  line,  but  must  quickly  suppress 


THE  ELECTRIC  JOURNAL  365 

1 
any  dynamic  arc  so  that  circuit-breakers  will  not  be  tripped  nor 
synchronous   apparatus   allowed  to   drop   out  of  step. 

With  the  present  outlook  the  standard  types  of  arresters 
supplemented  by  gaps  and  fuses  for  the  most  severe  disturbances 
seem  to  offer  the  most  promising  avenue  for  progress. 

R.  P.  Jackson 


The  very  interesting  article  in  this  issue  by  Mr. 
Co-ordinate     Walter   C.    Kerr,    president    of    Westinghouse, 
Engineering   Church,   Kerr  &  Company,    descriptive    of    the 
scope  and  work  of  that  organization,  is  highly 
instructive  as  showing  how  deeply  the  imprint  of  the  engineer 
is  made  on  almost  every  phase  of  modern  life.     There  is,  pos- 
sibly, some  danger  that  we  engineers  may  fall  into  something  of 
the  frame  of  mind  of  the  celebrated  "tailors  of  Tooley  street," 
who,  it  will  be  remembered,  met  and  "resolved  that  we,  the  peo- 
ple of  England,"  etc. ;  for  this  is   certainly  the  day  of  the  en- 
gineer; but  I  believe  I  was  about  right  when  I  said  in  an  ad- 
dress a  few  years  ago,  "If  the  physician  does  save  life,  it  is  the 
engineer  who  makes  life  worth  living". 

Mr.  Kerr's  article  is  an  abstract  of  an  address  made  to  a 
gathering  of  Westinghouse  men  and  unfortunately  has  to  lose 
all  of  the  personal  allusions  which  he  can  make  with  rare  felicity. 
As  it  stands,  however,  it  will  probaldy  surprise  most  readers  to 
find  how  wide  is  the  scope  of  an  organization  which  takes  all  of 
engineering  for  its  field.  Tt  proves  very  conclusixol}'  how  the 
man  of  scientific  training  is  replacing  the  scvcallcd  "practical 
man".  Above  all,  it  emphasizes  the  importance  of  the  commer- 
cial side  of  engineering,  as  to  such  an  organization  is  connnitted 
everything  connected  with  carrying  out  a  project. 

As  the  great  enterprises  of  today  co\cr  nian\-  l)ranchos  of 
engineering,  the  co-ordination  of  a  number  ()f  engineers,  exjieri- 
enced  along  different  lines,  is  essential  for  carrying  them 
through  successfully.  Hence,  an  engineering  organization  occu- 
pies a  field  which  cannot  be  filled  by  the  individual  engineer.  In 
such  an  organization  the  necessary  co-ordination  is  absolutely 
assured,  and  the  harmonious  working  of  all  branches  is  the  regu- 
lar every  day  work.     The   accunnilated   experience,   systematically 
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arranged  and  ready  for  instant  consultation,  enables  the  firm  to 
pass  upon  the  commercial  feasibility  of  an  enterprise  very 
quickly.  This,  after  all,  is  the  matter  of  greatest  importance.  It 
an  enterprise  will  not  pay,  it  is  poor  engineering  to  undertake  it, 
no  matter  how  good  the  design  or  construction.  Indeed,  it 
would  render  absurd  a  favorite  definition  of  the  engineer  as  the 
man  who  can  do  for  one  dollar  what  any  fool  can  do  for  two. 
Perhaps  another  definition,  sometimes  given,  will  soon  come  to 
be  recognized  as  the  best,  namely,  that  the  engineer  is  the  man 
who  can  so  expend  the  dollar  as  to  bring  the  largest  net  return. 

Firms  of  this  kind  are  obviously  well  equipped  for  the  devel- 
opment of  engineering  plans  and  the  supervision  of  coristruction, 
as  they  have  at  hand  the  combined  experience  and  ability  of  a 
large  and  varied  force  of  men. 

One  of  the  striking  paragraphs  in  Mr.  Kerr's  address  is  that 
in  which  he  enumerates  the  different  divisions  of  engineering 
work  required  in  a  single  railway  terminal.  This  is  significant, 
both  as  it  indicates  specifically  the  wide  range  of  matters  which 
come  under  the  general  head  of  engineering  and  which  call  for 
expert  knowledge,  and  also  because  it  shows  the  comprehensive 
and  intimate  relation  of  the  activities  of  the  engineer  in  planning 
and  executing  the  material  facilities  which  are  fundamental  to 
our  modern  life. 

W.  I\I.  McFarland 


So  much  attention  has  been  called  to  the  fires 
Electricity  caused  by  electricity,  by  the  Fire  Underwriters 

as  a  Fire  and  others,  that  many  persons  have  come  to  the 

Hazard  conclusion  that  the  use  of  electricity  is  extremely 

hazardous.  A  very  interesting  committee  report 
on  the  Fire  Hazard  of  Electricity  was  presented  at  the  recent 
meeting  of  the  National  Electric  Light  Association. 

Several  tables  from  this  report  are  reprinted  elsewhere  in  the 
Journal.  From  the  table  giving  the  approximate  total  cost  of 
the  various  illuminants  per  annum,  it  would  appear  that  the  use 
of  electricity  nearly  equals  the  sum  of  all  the  other  agents  used 
for  lighting. 

In  order  to  arrive  at  a  fair  conclusion  as  to  the  safety  of 
electricity  as  compared  with  other  mediums  for  the  distribution 
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of  light,  heat,  and  power,  a  territory  (New  York  City)  was 
chosen  in  which  electricity  is  very  largely  used.  Tables  were 
prepared  showing  the  total  number  of  fires,  as  well  as  the  mag- 
nitude of  the  losses  from  the  various  causes. 

An  analysis  of  these  figures,  wdiich  indicate  the  comparative 
danger  of  the  most  common  everyday  risks  in  the  home,  as  well 
as  in  the  public  buildings,  is  very  interesting.  A\'hat  is  true  in 
New  York  City  should  hold  true  in  proportion  throughout  the 
country. 

Only  361  fires  were  caused  by  electricity  in  this  territory  dur- 
ing the  four  years  1902-1905  inclusive.  In  this  time,  candles 
started  almost  four  times,  gas  about  six  times,  and  lamps  over 
twice  as  many  fires  as  electricity;  so  that  11.4  times  as  many  fires 
were  caused  by  the  other  three  illuminants  as  by  electricity. 

It  was  pointed  out  that  practically  every  first-class  building 
is  lighted  by  electricity,  and  consequently  fires  caused  by  elec- 
tricity generally  started  in  valuable  property.  On  the  other  hand, 
fires  due  to  candles,  lamps  and  gas  are  usually  started  in  the 
poorer  and  therefore  cheaper  class  of  buildings.  In  spite  of  this 
fact,  however,  comparing  the  total  losses  due  to  these  illuminants 
we  find  that  electricity  shows  a  considerably  smaller  loss  than 
the  combined  lamps  and  candles,  and  only  slightly  more  than 
gas. 

When  we  figure  percentages,  the  remarkable  showing  of 
electricity  as  a  safe  risk  is  even  more  clearly  demonstrated.  Only 
one  and  one-third  per  cent,  of  the  fires  were  due  to  electricity. 
while  fifteen  per  cent.,  or  over  one-sixth,  of  the  total  number  of 
fires  were  due  to  lamps,  candles  and  gas. 

Tabulating  the  causes  of  fires  in  their  order  of  magnitude, 
we  find  that  electricity,  instead  of  being  near  the  top  of  the  list, 
takes  thirteenth  place.  Over  eight  times  as  many  fires  were 
caused  b}-  the  handling  of  matches  as  1)}-  electricity,  and  any  one 
of  a  number  of  risks  which  are  very  common  in  o\cr\'  house 
causes  several  times  as  many  fires  as  electricity. 

The  total  losses  also  show  ([uite  a  small  relative  loss  from 
electricity  as  compared  with  other  common  risks.  The  losses 
caused  by  stoves  and  furnaces,  and  by  matches,  are  two  and 
one-half  times  as  much  as  those  caused  by  electricity,  while 
the  defective  flue  is  responsible  for  a  greater  loss  than  elec- 
tricity. 

This   report  also  gives   an   interesting  record,   compiled   by 
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one  of  tlic  large  fire  insurance  companies,  covering  some  60000 
fires,  which  occurred  in  the  various  sections  of  the  country  during 
a  period  of  seven  years,  from  1899  to  1905  inckisive.  This  rec- 
ord confirms  the  conckisions  drawn  from  the  tables  mentioned 
above.  The  number  of  electrical  fires  is  given  as  2.8  per  cent, 
of  the  total  number,  or  less  than  one-fifth  of  the  number  due  to 
lighting  alone.  The  number  of  fires  caused  by  matches  is  given 
as  ten  per  cent.,  and  heating  (stoves,  defective  flues,  etc.),  twenty- 
one  per  cent. 

Complete  records  such  as  these,  giving  the  number  and  mag- 
nitude of  the  fires  due  to  the  various  causes,  are  especially  valuable, 
as  they  indicate  the  relative  fire  hazard  involved. 

The  general  public  needs  to  be  made  well  acquainted  with  the 
fact  that  the  fire  hazard  of  electricity  is  very  much  less  than  that  of 
the  other  mediums  which  it  displaces  for  the  distribution  of  light, 
heat  and  power. 

Dean  Harvey. 


ELECTRIC  RAILWAY  ENGINEERING*-V 

EFFECTS  OF  CHANGES  IN  OPERATING  CONDITIONS 
F.  E.  WYNNE 

ACCELERATION 

A  TRACTIVE  effort  of  lOO  pounds  per  ton  is  required  to 
produce  an  acceleration  of  one  mile  per  hour  per  sec- 
ond.f  The  tractive  eiTort  required  for  any  other  rate  of 
acceleration  is  in  direct  proportion  to  this  rate.  At  low  rates, 
therefore,  both  the  total  tractive  effort  and  the  current  for  accel- 
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FIG.    I — SPEED-TIME   AND   CURRENT   CURVES    FOR   TWl)   KATES    OF    ACCELERATION 

cratino-  are  less  than  for  hii;h  rates  and  the  time  to  attain  any 
.U'ivcn  speed  is  orcater.  Fi_o-.  i  shows  partial  speed- 
time  and  current  curves  for  acceleratino-  a  certain  car 
with  a  four-motor  e((uipnient  at  rates  of  t.o  and  1.5  miles 
l)er  hour  ])er  second.  From  this  it  is  seen  that  1,^5  amperes  jier 
motor  are  necessar}-  for  an  acceleration  of  1.5  miles  i)er  hour  jhm- 


*niis  i.s  the  fifth  of  a  sories  of  articles  on  I'.loclrio  Railway  F,iiginooring. 
The  first  article  appeared  in  tiie  January  issue. 

t  See  The  Rlcciric  Journal.  \o\.  II  f.,  Xo.  i,  p.  12. 
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second.  With  this  acceleration,  the  speed  at  fnll  nudti])le  is  18.1 
miles  per  hour  and  the  time  the  car  is  running  on  resistance  is 
12. 1  seconds.  I'^or  the  one  mile  per  liour  per  second  acceleration 
the  car  takes  loi  amperes,  the  speed  at  full  multiple  is  20  miles 
per  hour,  and  the  time  of  runnin^c  on  resistance  is  20  seconds. 
l"ig.  2  shows  cur\es  between  initial  acceleration  rate,  acceler- 
ating current,  speed  at  500  volts,  and  time  of  running  on  resist- 
ance. On  a  run  of  unlimited  length  the  car  will  reach  the  same 
running  speed   irrespective   of  the   initial   acceleration,  but   with 
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FIG.  2 — CURVES  SHOWING  EFFECT  OF  RATE  OF  ACCELERATION  ON  INITIAL  CURRENT, 
FULL  VOLTAGE  SPEED  WITH  INITIAL  CURRENT  AND  TIME  OF  RUNNING  ON 
RESISTANCE 

a  low  acceleration  more  time  will  elapse  and  a  greater  distance, 
will  be  traversed  before  this  maximum  speed  is  attained,  than 
would  be  the  case  with  a  high  initial  acceleration.  The  lower 
the  acceleration  the  less  will  be  the  distance  traveled  in  any- 
given  time.  Hence,  to  maintain  a  given  schedule  speed  with  a 
low  acceleration  necessitates  having  the  power  on  the  motors 
for  a  larger  proportion  of  the  total  time  and  less  coasting  is 
possible  than  with  greater  acceleration ;  also  the  brakes  have  to 
be  applied  when  running  at  higher  speeds.  The  maximum  pos- 
sible schedule  speed  for  a  given  run  is  greater  as  the  rate  oi 
acceleration  is  higher.     See  Fig.  3. 
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A  car  running  at  a  given  speed  has  a  certain  amount  of 
kinetic  energy  which  was  imparted  to  it  during  the  period  of  ac- 
celeration and  which  is  proportional  to  the  square  of  the  speed. 
The  greater  part  of  the  energy  expended  by  the  motors  while 
accelerating  a  car  is  thus  stored  up  as  kinetic  energy  and  is  avail- 
able for  useful  work  in  propelling  the  car  after  power  is  cut  ofif. 
This  stored  energy  is  what  keeps  the  car  in  motion  when  coast- 
ing. When  the  brakes  are  applied  the  remaining  energy  (except 
that  used  in  overcoming  the  train  resistance)  is  consumed  in 
heating  the  brake  shoes  and  wheels.  Therefore,  the  total  energy 
drawn  from  the  line  is  the  sum  of  the  energy  needed  to  over- 
come the  train  resistance  throughout  the  distance  traveled,  the 
energy  consumed  in  braking,  the   energy   lost  in  the   rheostats 

when  starting,  and  the 
losses  in  the  motors  and 
in  the  car  wiring. 

For  any  given  run, 
the  energy  expended  in 
overcoming  train  resist- 
ance is  constant.  The 
amount  lost  in  the  rhe- 
ostats depends  on  the 
rate  of  acceleration  and 
is  greater  with  low  ac- 
celerations. That  con- 
sumed in  braking  is  de- 
pendent on  the  rate  of 
braking  and  the  car 
speed  when  the  brakes 
are  applied. 
The  losses  in  the  wiring  arc  usually  small  and  mav  be  neg- 
lected. The  motor  losses  arc  approximately  a  constant  percent- 
age of  the  input  to  the  motor  throughcntt  its  usual  working  range. 
Assuming  a  constant  l^raking  rate,  the  greater  the  car  speed 
when  the  brakes  are  applied  the  greater  will  be  tlio  pcnvcr  con- 
sumed by  the  brakes.  In  general,  then,  a  run  made  so  that 
the  brakes  are  a])pHc(l  from  a  iiigh  car  speed  will  take  more 
power  from  the  lino  than  if  made  so  that  braking  begins  at  a  low 
car  speed.  Fig.  4  shows  curves  between  acceleration,  average 
current  C()nsinn])tion  and  riieoslatie  loss  for  a  certain  car. 

The  copper  loss  in  the  motors  is  dei)endent  upon  the  square 


FIG  3 — CURVE  SHOWING  EFFECT  OF  RATE  OF  ACCEL- 
ERATION  ON    MAXIMUM    SCHEDULE   SPEED 
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of  the  current,  hence  an  increase  in  accelerating  current  tends 
to  produce  an  increase  in  the  heatin^-.  With  increased  accelera- 
tion, however,  the  time  during  which  power  is  on^  is  decreased, 

thus  tending  to  reduce 
the  heating.  The  result 
of  these  opposing  ten- 
dencies which  occur  si- 
multaneously is  that  first 
one  and  then  the  other 
predominates  and  for  a 
given  run  there  is  one 
rate  of  acceleration 
which  will  give  mini- 
mum heating.  Fig.  5 
shows  this  graphically, 
the  curve  being  drawn 
between  acceleration  and 
square  root  of  mean 
square  current  values. 
For  this  particular  case, 
it  is  seen  that  an  acceleration  of  1.55  miles  per  hour  per  second  is 
the  best,  so  far  as  the  heating  of  the  motors  is  concerned. 

A  method  of  reducing  the  maximum  power  taken  from  the 
line  by  a  car  when  starting  has  been  devised  by  Mr.  N.  W. 
Storer  and  may  be  used  where  the  grades  are  light  and 
the  equipments  are  arranged  for  automatic  acceleration.  By 
means  of  two  limit 
switches,  one  in  the  mo- 
tor circuit  and  one  in  the 
line  circuit,  constant 
current  per  car  is  used 
for  accelerating.  A  high 
rate  of  acceleration  is 
used  in  coming  up  to  the 
series  running  position, 
the    current    per    motor 

.  FIG.     5 — CURVE    SHOWING    EFFECT    OF    RATE    OF    AC- 

being  kept  approxmnate-  celeration  on  square  root  of  mean  square 
ly  constant.    The  motors       current 

continue  running  in  this  position  until  the  current  per  motor  has 
decreased  in  value  to  one-half  of  that  used  while  accelerating  in 
geries.    At  this  point  the  parallel  connection  is  made  and  the  accel- 
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eration  continues  in  the  usual  way,  the  current  per  motor  being  held 
at  this  value  until  all  the  resistance  is  out  of  the  circuit.  The  rate 
of  acceleration  in  the  parallel  position  is  somewhat  less  than  one- 
half  of  that  obtained  with  the  motors  in  series.  The  compensation 
for  this  slight  disadvantage  is  found  in  the  higher  permissible  accel- 
eration while  running  in  series  and  in  the  decreased  value  of  the 
maximum  current  taken  from  the  line  in  starting.  Fig.  6  gives 
a  comparison  of  the  speed-time  and  power  curves. for  a  car  oper- 
ating on  a  certain  run  when  using  this  method  of  acceleration 
and  when  accelerating  in  the  usual  manner.  This  particular  run 
shows  practically  the  same  power  consumption  and  heating  of 
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the  motors  for  the  two  methods.  However,  with  constant  cur- 
rent per  car,  the  peak  of  the  power  curve  is  only  75  per  cent,  of 
the  peak  with  constant  motor  current. 

LENGTH   OF  RUN 

I 

Assuming  that  other  conditions  remain  the  same,  the  maxi- 
mum possible  schedule  speed  increases  with  increased  length 
of  run.  The  general  relation  between  possible  schedule  speed 
and  length  of  run  is  shown  in  Fig.  7. 

The  proportion  of  the  total  energy  drawn  from  the  line  used 
in  overcoming  the  car  losses  and  in  braking  is  less  for  long  runs 
than  for  short  ones. 

Therefore,    in    general,  the    power    consumption    per    car- 
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mile  or  per  toii-inilc  is  decrcascil  \)\  increasing  the  dislancc  be- 
tween stops.    Sec  V\\r,.  7. 

Lari^e  startini;  current  affects  the  heating^  of  the  motors  to 
a  much  s^rcater  extent  in  short  runs  than  in  long  runs.  Fig.  7 
shows  this  relation  also,  the  heating  being  measured  approxi- 
mately by  the  square  root  of  the  mean  square  current  per  motor. 
From  this  it  is  seen  that  in  general  the  heating  is  less  as  the  run 
is  longer.  Since  the  heating  determines  to  a  large  extent  the  size 
of  the  motors  to  be  used  for  a  car,  it  follows  that  to  operate  a 
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FIG.   7 — CURVES   SHOWING  EFFECT  OF  LENGTH   OF  RUN   ON   MAXIMUM   SCHEDULE 
SPEED,  SQUARE  ROOT  OF  MEAN   SQUARE  CURRENT  AND  POWER  CONSUMPTION. 

car  of  given  weight  at  a  given  schedule  requires  larger  motors 
as  the  stops  are  more  frequent.  Fig.  8  shows  the  curves  of  Fig.  7 
plotted  with  the  number  of  stops  per  mile  as  a  base. 

As  the  distance  between  stops  is  increased,  the  less  will  be 
the  effect  of  change  in  any  of  the  conditions  which  are  pres- 
ent during  only  a  part  of  the  run,  because  as  the  run  is  length- 
ened the  car  is  running  at  constant  speed  a  greater  proportion  of 
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the  total  time.  Hence  a  change  in  the  rate  of  acceleration,  rate 
of  braking  or  length  of  stop  within  reasonable  limits  has  less 
effect  upon  the  performance  of  an  equipment  with  long  runs 
than  when  stops  are  frequent.  This  may  readily  be  seen  in  so 
far  as  changing  the  rate  of  acceleration  goes  by  referring  to  Fig. 
4.  The  variation  in  current  consumption  for  the  1.4  mile  run 
between  accelerations  of  0.5  and  1.5  miles  per  hoyr  per  second 
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SUMPTION 

is  51   amperes,  while  for  the   3.5  mile  run  the  same  change  in 
acceleration  makes  a  difference  of  only  28  amperes. 

T-F,NGTII    OF   STOP 

The  length  of  time  during  which  a  car  is  at  a  standstill  for 
the  purpose  of  taking  on  or  discharging  i)assengers  or  freight 
has  a  decided  effect  upon  the  possible  schedule  speed.    With  long 


376 


THE  ELECTRIC  JOURNAL 


stops  it  is,  of  course,  impossible  to  maintain  so  hij^h  a  schedule 
speed  as  when  the  stops  are  short.  When  operating  at  a  con- 
stant schedule  speed  the  power  has  to  be  kept  on  the  motors  a 
greater  part  of  the  time  as  the  stops  are  longer,  with  the  result 
that  the  power  consumption  and  heating  are  greater.  An  ex- 
ample of  this  is  shown  in  Fig.  9.  As  the  distance  between  stops 
is  increased,  the  eii'ect  of  length  of  stop  is  lessened. 


BRAKING  RATES 

The  effects  of  the  rate  at  which  the  brakes  are  applied  to 
stop  a  car  are  very  similar  to  those  produced  by  change  in  ac- 
celeration.   In  long  runs,  the  braking  rate  is  of  little  moment,  but 

in  short  runs  it  becomes 
an  important  factor.  A 
high  braking  rate  is  ad- 
vantageous because  it 
allows  more  coasting  in 
any  run  which  means  an 
earlier  point  of  cut  off, 
resulting  in  lower  power 
consumption  and  less 
heating  of  the  motors 
than  would  accompany 
a  low  rate  of  braking. 
Fast  braking  also  tends 
to  minimize  the  size  of 
motor  for  a  given  serv- 
ice. 

LINE  VOLTAGE 


FIG.  9 — CURVES  SHOWING  EFFECT  OF  LENGTH  OF 
STOP  ON  MAXIMUM  SCHEDULE  SPEED,  SQUARE 
ROOT  OF  MEAN  SQUARE  CURRENT  AND  POWER 
CONSUMPTION 


The  speed  of  a  series 
motor  with  a  given  load  varies  almost  in  direct  proportion  to  the  ap- 
plied voltage.  Hence  the  maximum  speed  which  a  car  will  attain  is 
dependent  upon  the  line  voltage.  The  line  pressure  also  determines 
the  best  possible  speed  in  a  given  service  with  a  given  equipment.  In 
making  a  given  schedule  speed  with  a  fixed  initial  acceleration,  the 
running  speed  at  any  instant  after  the  rheostats  are  cut  out  will  be 
lower  with  reduced  voltage,  as  is  shown  by  the  more  sudden  braking 
over  of  the  speed-time  curves  at  400  volts  in  Fig.  10.  Therefore,  in 
order  to  maintain  the  schedule  with  reduced  voltage,  it  is  neces- 
sary to  keep  the  power  on  for  a  longer  time.     This  generally  pro- 
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duces  greater  heating  and  requires  more  power  than  with  normal 
voltage.  An  exception  to  this  general  relation  is  found  in  very- 
short  runs,  such  as  are  made  by  interurban  cars  passing  through 
cities.  Fig.  ii  shows  the  speed-time  and  current  curves  for  a 
one-quarter  mile  run  made  with  the  m^  tors  in  series  and  also  as 
made  when  using  the  series-parallel  connection.  The  respective 
rates  of  acceleration  are  taken  as  1.5  and  0.85  miles  per  hour  per 
second  in  order  that  the  braking  line  may  be  the  same  in  both 
cases.  Although  the  current  per  motor  for  the  initial  accelera- 
tion is  greater  for  the  series  run,  this  is  more  than  compensated 
for  by  the  shorter  length  of  time  the  heavy  current  is  main- 
tained.   The  result  is  that  the  heating  of  the  motors  is  the  same 
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FIG.    10 — CURVES    SHOWING  EFFECT   OF   LOW  VOLTAGE   ON   SPEED-TIME   CURVES 

The  higher  curve  is  speed-time  curve  at  500  volts  (normal).     The  low 
curve  is  speed-time  curve  at  400  volts  (voltage  20  per  cent  low). 

in  the  two  cases  but  the  series  run  shows  a  saving  of  18.25  per 
cent,  in  the  power  consumption.  The  conclusion  from  this  is 
that  when  high  speed  interurban  cars  are  operating  in  cities 
where  both  the  maximum  and  schedule  speeds  are  low,  power, 
will  be  saved  l)v  running  in  the  series  position  as  nuich  as  pos- 
si])lc.  This  method  has  a  further  advantage  in  keeping  down  the 
maximum  power  required  from  the  line. 

Good  line  pressiu'e  is  important  on  grades.  lleiv\-  grades 
work  motors  at  an  overload,  the  degree  of  overload  depending 
upon  the  amount  of  grade.  A  railway  motor  will  safely  cairy  any 
overload  within  its  commutating  capacity  for  a  certain  length 
of  time.  The  length  of  time  that  any  overload  w^ill  last  depends 
upon  the  voltage  at  the  motors.     For  instance,  a  certain  grade 
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will  require  175  amperes  per  motor  at  a  speed  of  16.5  miles  per 
hour  at  500  volts.  If  this  grade  is  1.5  miles  long  the  overload  will 
last  5.5  niinuk's,  which  is  within  the  capacity  of  the  motor.  If, 
however,  llic  a\cra|L;c'  ])ressure  on  the  grade  is  only  400  volts, 
the  speed  will  he  only  13  miles  ])cr  hour  and  the  overload  will 
last  seven  minutes,  at  the  end  of  which  time  the  temperature  of 
the  motors  will  be  al)o\e  the  limit  of  safety.  With  a  constant  line 
voltage,  rig.  12  sliows  the  efifect  of  grades  on  the  speed-time 
curve  for  a  given  run. 

GEAR  RATIO 

The  gearing  of  the  motors  on  a  car  determines  the  car  speed 
and  the  tractive  effort  with  a  given  current  and  constant  voltage. 
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Since  the  horse-power  of  a  motor  is  constant  for  a  given  current 
and  is  directly  proportional  to  the  product  of  the  car  speed  and 
tractive  effort,  it  follows  that  with  a  high  car  speed  the  tractive  ef- 
fort is  correspondingly  low.  A  motor  geared  for  high  car  speed 
takes  greater  current  to  produce  a  given  tractive  effort  than  is 
required  with  a  low-speed  gear ;  also  the  speed  corresponding  to 
a  given  tractive  effort  is  higher.  Hence,  with  higher  speed-gear- 
ing the  current  to  give  a  certain  rate  of  acceleration,  is  greater 
and  the  power  required  on  grades  and  curves  is  increased.  On 
the  other  hand,  the  time  consumed  in  traversing  grades  and 
curves  is  decreased  and  it  is  possible  to  make  any  fixed  run  at  a 
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given  schedule  speed  with  more  coasting  and  less  braking  than 
with  motors  geared  for  low  speed. 

With  low-speed  gears,  it  may  be  impossible  to  make  the  de- 
sired schedule  or  the  amount  of  coasting  may  be  so  small  that 
the  power  consumption  will  be  unduly  large.  In  descending 
grades  with  low-speed  gearing  there  is  also  the  danger  of  getting 
an  unsafe  armature  speed  before  the  car  speed  is  at  all  excessive. 

Probably  the  most  common  error  in  gearing  is  to  gear  for 
high  speed  where  the  service  is  such  that  the  stops  are  frequent 
and  there  is  no  opportunity  to  run  at  high  speed.  The  typical 
cycle  for  such  runs  is  rapid  acceleration,  short  coast  and  rapid 
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FIG.    12 — CURVES   SHOWING  EFFECT  OF  GRADES  ON    SPEED-TIME  CURVES 

One  mile  run,  40-ton  car,  initial  current  134  amperes  per  motor : 

Grade  per  cent — 2       — i  o         +1        +2 

Watt-hrs.  per  ton  mile 5  14.2        42.5        85         12s 

Square  root  mean  square  current 21        33  44.5        56.5        72.8 

braking.  Consequently  the  acceleration  and  the  run,  to  be  ac- 
complished most  efficiently,  would  be  made  with  a  low-speed 
gear.  That  which  is  so  self-evident  in  this  case  holds  good  in 
lesser  degree  with  longer  runs.  Therefore,  having  selected  a 
motor  with  sufficient  capacity  for  a  given  service,  the  best  gear 
ratio  to  use  is  the  lowest  speed  gear  which  will  give  the  requiiod 
schedule  speed  with  a  reasonable  margin  for  making  up  lost 
time. 


SOME  COMMENTS  UPON  THE  NEW  HAVEN 
ELECTRIFICATION* 

EVERY  progressive  electric  railway  man  cannot  but  feel 
an  absorbing  interest  in  the  electrification  of  the  Xew 
York,  New  Haven  and  Hartford  main  line  between 
Stamford,  Ct.,  and  Woodlawn,  N.  Y.,  for  the  reason  that  the 
installation  will  mark  the  first  notable  application  of  alternating- 
current  locomotives  to  trunk  line  railroad  service  in  this  coun- 
try. 

The  estimated  cost  of  the  electrification  from  Woodlawn 
to  Stamford  is  about  $2750000.  This  includes  21.45  miles  of 
overhead  construction  costing  $570000;  a  12000  kw  power  house 
near  Stamford,  at  $1,130,000,  and  35  alternating-current  electric 
locomotives  costing  $1  005  000. 

Between  the  bus  bars  at  the  power  house  and  the  locomo- 
tives there  will  be  but  a  single  link  in  the  transmission  of  en- 
ergy— an  II  ooo-volt  trolley  wire.  At  a  recent  meeting  of  the 
New  York  Railway  Club,  Mr.  Calvert  Townley  stated  that  if 
the  ordinary  system  of  high  tension  transmission  with  rotary 
converter  sub-stations  had  been  adopted,  there  would  have  been 
no  less  than  eight  links  between  the  power  house  and  the  rolling 
stock : 

A  transmission  line, 

Sub-station   switchboard, 

Step-down  transformers, 

Rotary  converter. 

Direct-current  switchboard. 

Storage  battery, 

System   of   direct-current   feeders   and 

A  600-volt  third  rail. 

The  supporting  of  the  trolley  lines  by  bridges  spaced  300 
feet  apart,  with  extra  substantial  or  anchor  bridges  every  two 
miles,  strikes  one  as  a  thoroughly  common  sense  proposition, 
for  it  affords  the  opportunity  to  combine  the  suspension  of  the 
block  signals  and  other  auxiliary  apparatus  with  the  trolley  sus- 
pension.   The  highest  standards  of  mechanical  and  electrical  con- 


*  Condensed  from  an  article  in  The  Street  Railway  ^uUetin. 
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struction  must  be  adhered  to  in  such  heavy  work,  and  the  perma- 
nence of  the  steel  bridge  with  concrete  foundations  renders  it 
particularly  applicable  to  this  problem.  It  is  interesting  to  con- 
sider the  comparatively  long  span  which  the  bridge  and  catenary 
plan  allows,  in  comparison  with  the  spans  found  in  ordinary 
trolley  work,  four  or  five  to  one  in  the  former's  favor. 

The  key  to  the  whole  problem  of  long  distance  steam  rail- 
road electrification  is  found  in  high  voltage  upon  the  working 
conductors,  in  the  light  of  present  knowledge.  At  the  New  York 
meeting  Mr.  Lamme  pointed  out  that  a  single  power  house  will 
be  able  to  supply  about  40  miles  of  railroad  line  with  power 
without  the  use  of  any  kind  of  sub-station,  if  the  power  house  is 
located  near  the  middle  of  the  line. 

It  has  been  pointed  out  that  in  the  event  of  a  derailment  the 
striking  of  a  train  against  one  of  the  steel  bridges  supporting  the 
1 1  ooo-volt  line  might  cause  great  damage  to  life  and  property. 
Humanly  speaking,  it  is  impossible  to  divorce  all  risk  from  mod- 
ern railroading,  and  there  is  little  doubt  that  the  use  of  even  a 
protected  600-volt  third  rail  might  give  a  great  deal  of  trouble 
in  the  event  of  a  severe  derailment.  It  does  not  seem  as  though 
the  prospect  of  breaking  the  bridge  columns  by  derailments 
should  warrant  the  exclusion  of  the  1 1  ooo-volt  system  any  more 
than  that  all  trains  should  be  run  around  curves  at  20  miles  per 
hour  lest  the  breakage  of  a  wheel  or  axle  at  a  higher  speed  throw 
the  entire  outfit  into  the  ditch.  The  use  of  double  steel  cables  and 
triangular  catenary  suspension  of  trolley  wires  would  seem  to  be 
an  added  insurance  against  trouble  from  high  voltages.  A 
factor  of  safety  of  six  in  the  cables  with  a  load  of  ice  one  inch  in 
total  thickness  on  wires  and  hangers  is  certainly  liberal. 

The  details  of  the  New  Haven  electric  locomotives  are  full 
of  interest  and  in  many  respects  appear  to  be  admirably  worked 
out. 

The  fact  that  steam  locomotive  engineers  arc  to  operate  the 
electric  machines  has  never  been  lost  from  sight,  and  in  its 
characteristics  of  variable  speed  over  any  required  range,  and 
consuni])tion  of  power  in  proportion  to  the  load,  the  new  single- 
phase  locomotive  is  essentially  in  the  same  class  as  its  steam- 
driven  prototype.  The  voltage  control  in  the  motor  is  the  equiv- 
alent of  the  combined  throttling  and  variable  cut-oflf  in  the  steam 
locomotive.     Six  operating  voltages  or  running  points  in  the  al- 
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ternating-currcnt  control  insure  a  good  speed  ranj^e,  and  this  with 
economy  of  i)o\ver  witii  rheostat  direct-current  control. 

While  the  motors  are  of  the  same  general  type  which  the 
Westinghouse  Company  has  heen  building  for  interurban  service 
of  late,  there  are  a  nund)er  of  interesting  features  deserving  of 
special  comment.  The  method  of  sui)porting  the  armature  upon 
a  quill,  with  a  flange  and  pin-wheel  drive  is  of  novel  construc- 
tion. No  gearing  is  employed,  and  the  commutator  speed  is 
only  3  GOO  feet  per  minute  at  60  miles  per  hcmr.  A  specially 
good  point  is  the  use  of  air  in  cooling  the  motors,  which  gives 
a  continuous  capacity  of  200  hp  each,  against  250  hp  nominal 
capacity.  The  flow  of  air  is  outward,  which  tends  to  keep  the 
motor  interiors  clean.  When  running  on  direct  current  several 
efficient  controller  running  points  between  series  and  multiple 
are  made  available  by  shunting  the  motor  field,  an  expedient 
which  adds  considerably  to  the  flexibility  of  the  machine.  The 
balancing  of  the  transformers  in  the  cab  by  installing  one  for 
each  pair  of  motors,  with  their  high  tension  sides  in  multiple 
is  another  feature  which  evidences  careful  design.  In  fact,  the 
entire  mechanical  design  deserves  the  most  disinterested  praise. 
The  provision  for  taking  care  of  end  play  and  for  preventing  ab- 
normal bumping  strains  are  exceedingly  interesting,  and  it  is  to 
be  hoped  that  they  will  stand  up  well  in  the  actual  service  op- 
eration of  the  locomotives. 

In  closing,  the  writer  ventures  to  quote  from  j\Ir.  Town- 
ley's  remarks  at  the  New  York  meeting  referred  to  above,  for 
they  contain  the  nub  of  the  entire  heavy  electric  railroad  multi- 
ple unit  question : 

*Tn  handling  heavy  freight  traffic,  or  even  high-grade  pas- 
senger traffic,  instead  of  having  to  keep  down  the  length  and 
weight  of  trains  in  order  to  obtain  the  necessary  speed;  instead 
of  being  limited  to  a  maximum  locomotive  weight  by  the 
strength  of  bridges  and  other  structures;  instead  of  being  ham- 
pered by  the  consideration  of  maximum  sized  wheel  base  and 
the  maximum  weight  per  driving  axle ;  by  using  two  or  more 
locomotives  connected  together  by  the  multiple-unit  system,  it 
becomes  feasible  to  get  practically  any  amount  of  speed  and  any 
amount  of  tractive  power  that  is  needed  to  perform  a  given  ser- 
vice. It  follows  that  the  size  of  train  units,  whether  passenger  or 
freight,  can  be  increased  up  to  any  extent  desired,  and  be  lim- 
ited only  by  the  strength  of  the  draft  gear  of  the  rolling  stock." 


WESTINGHOUSE,  CHURCH,  KERR  &  COMPANY 

WALTER  C.  KERR,  PRESIDENT 

TO  properly  understand  Westinghouse,  Church,  Kerr  & 
Company's  operations  and  motives,  it  is  well  to  look  back 
a  little  to  see  how  it  came  into  existence  and  to  learn 
some  of  its  history,  because  this  concern  has  been  somewhat  mis- 
understood, for  the  reason  that  it  has  been  a  number  of  different 
things  in  its  time. 

The  company  was  organized  in  1884,  twenty-two  years  ago, 
primarily  to  sell  the  product  of  The  Westinghouse  Machine  Co. 
The  W.  M.  Co.  at  that  time  were  selling  their  own  product 
through  agents  and  were  in  the  process  of  making  an  arrange- 
ment by  which  they  would  wholesale  their  product  to  certain 
concerns  who  would  act  as  dealers  rather  than  agents.  H.  H. 
Westinghouse,  Wm.  Lee  Church,  Isaac  H.  Davis,  and  myself 
put  our  heads  together  and  organized  W.  C.  K.  &  Co.  to  take 
over  the  sales  business  of  The  W.  M.  Co.,  buying  of  the  Machine 
Co.  and  re-selling  on  our  own  account  in  the  territory  east  of 
and  including  Pittsburg. 

We  then  actively  built  up  an  engine  business,  doing  also 
some  other  things.  Al)out  a  year  later,  Mr.  George  Westing- 
house, who  was  then  making  some  electrical  apparatus  on  his 
own  account,  wanted  us  to  sell  it  for  him,  and  so  we  added  an 
electrical  business.  Shortly  after  this,  the  Westinghouse  Electric 
Co. — not  the  W.  E.  &  M.  Co.,  but  a  prior  organization — was 
formed,  and  we  handled  its  entire  product  for  about  two  years — 
mostly  installing  small,  isolated  plants  and  building  two  ox-  three 
central  stations. 

This  continued  until  I'ebruary,  1887,  by  wdiich  time  ihe  W. 
E.  Co.  had  prepared  to  undertake  larger  things  and  proceeded  to 
develop  their  own  departments  and  properly  develoj)  their  own 
sales  activities.  They  then  bought  from  us  \vhate\-er  stock  we 
had  on  hand,  with  fair  compensation  for  gotnl  will,  existing 
orders,  etc.,  took  over  the  electric  sales,  while  \\".  C".  K.  &  Co. 

*  'i'his  artice  is  a  revision,  l)y  tlu-  autlior,  of  a  paper  read  liefore  a  private 
gathering  of  l)iisincss  associates.  It  traces  by  concrete  example  tlie  develop- 
ment of  the  methods  of  conducting  commercial  engineering  work  during  the 
past  twenty  years,  and  shows  the  hroad  scope  of  engineering  activity  in  a 
modern  engineering  asociation. — Ed. 
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again  turned  their  whole  energies  to  the  engine  business.  So 
there  was  a  period  of  two  years  in  which  we  were  also  the  sales 
outlet  for  the  Electric  Company. 

The  next  development  was  the  adding  of  small  contracting 
to  engine  selling:.  We  also  did  something  which  was  then  rather 
novel,  practically  the  forerunner  of  what  is  regular  practice  now, 
and  that  was  the  introduction  of  real  engineering  into  sales  ef- 
fort. Prior  to  1885,  such  salesmanship  did  not  involve  mything 
like  the  amount  of  engineering  effort  which  has  since  accom- 
panied it,  and  we  were  among  the  earliest  to  introduce  that 
effort.  That  quickly  led  into  large  contracting,  and  we  were 
soon  taking  on  engagements  of  various  kinds,  mostly  pertaining 
to  power  plants.  Meanwhile  we  added  the  Roney  stoker  and 
developed  it,  and  also  boiler  furnace  work  extensively. 

The  contracting  business  grew  until  in  the  course  of  time  it 
became  the  larger  part  of  our  business.  We  bid  on  jobs  to  win  or 
lose,  and  we  made  money  handling  such  work. 

We  always  put  a  good  deal  of  engineering  into  the  contracting 
efifort,  and  that  led  in  time  to  the  doing  of  engineering  for 
clients,  and  so  by  a  strange  anomaly  we  were  at  one  time  con- 
tractors, engine  sellers  and  engineers.  These  occupations  repre- 
sented an  anomalous  combination,  but  the  world  was  pretty  anom- 
alous and  it  could  stand  a  little  more  without  over-running  the  elas- 
tic limit. 

In  the  course  of  time  we  retired  from  contracting  in  the 
ordinary  sense  of  bidding  for  and  doing  lump  sum  work.  W^e 
then  had  left  the  anomaly  of  being  engineers  while  also  selling 
the  product  of  The  W.  M.  Co. 

Soon  the  Machine  Company  developed  into  a  large  concern, 
building  engines  large  and  small  of  many  types  instead  of  a 
small,  specialized  product.  Thus  it  became  expedient  for  them 
to  establish  their  own  selling  department.  We  then  turned  over 
the  engine  selling  business,  relinquishing  about  sixty-five  of  our 
men  to  them,  in  addition  to  the  field  force  on  this  work.  That 
marked  the  time  when  we  really  became  the  concern  that  we 
were  destined  all  of  the  time  to  be — a  purely  engineering  organ- 
ization with  nothing  to  sell,  our  work  being  rendered  entirely  in 
the  interest  of  the  client  and  not  with  a  trade  motive.  Thus  it 
took  nineteen  years  for  us  to  work  out  our  destiny.  It  is  not 
strange  that  some  think  we  are  engine  sellers,  others  consider  us 
contractors,  while  many  know   we  are  engineers.     This  is  per- 
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fectly  logical,  for  not  very  long  ago  we  were  all  these  things. 

We  have  always  tried  to  make  this  engineering  organization 
the  proper  interpretation  of  what  the  country  needs  just  at  any 
particular  time  because  if  we  do  just  what  the  most  important 
people  want  done  we  are  pretty  sure  to  constantly  find  acceptable 
work.  \\'e  don't  want  to  be  too  far  ahead  of  the  time,  and  never 
behind   it. 

The  period  of  1897  to  1899  was  a  turning  point  in  our  his- 
tory. We  had  been  doing  engineering,  selling  and  contracting 
more  or  less  mixed  together.  There  began  to  appear  a  larger 
and  higher  class  of  work  than  we  had  experienced.  There  were 
distinct  signs  in  the  air.  Chief  among  them  was  the  Boston  Ter- 
minal, of  which  you  have  all  heard  many  times.  That  was  a 
mile-stone  in  our  history.  The  late  Air.  Charles  P.  Clark,  then 
president  of  the  N.  Y.,  N.  H.  &  H.  R.  R.,  wanted  certain  things 
done.  He  particularly  wanted  some  one  to  do  the  things,  not  to 
tell  him  what  to  do.  It  turned  out  that  we  had  the  capacity  to 
do  these  many  things.  His  insistence  in  the  matter  caused  us  to 
rise  to  about  the  maximum  ability  which  we  were  able  to  display, 
with  the  result  that  we  undertook  a  varied  piece  of  engineering 
work,  consisting  of  about  sixteen  kinds  of  engineering,  putting 
them  all  through  co-operatively  and  co-ordinately,  which  at  the 
time  it  was  done  was  considered  a  great  engineering  undertak- 
ing, although  the  total  cost  of  what  we  did  was  only  about 
$6oG  000. 

Then  came  a  rapid  development.  We  found  ourselves.  We 
began  to  understand  the  strength  we  had  been  gradually  develop- 
ing in  engineering.  We  got  the  size  of  our  men  and  accelerated 
the  pace  of  a  develo])ment  which  was  i)arlly  our  own  and  parlly 
due  to  the  demands  of  the  world.  We  found  a  large  number  of 
people  who  wanted  some  one  to  come  and  do  for  them  what  they 
had  to  do.  They  were  not  looking  for  some  one  to  advise  them 
what  to  do,  but  they  wanted  some  one  who  could  first  design 
and  then  do  all  of  the  things  they  wanted  done.  As  sihmi  as 
we  seized  upon  that  theme  and  were  willing  to  do  an\-thing  any 
one  wanted,  a  more  versatile  organization  began  to  grow.  I.argc 
work  caused  us  to  increase  our  force,  an  increased  force  made 
us  more  capable  of  doing  larger  work,  which  made  us  more  capa- 
ble of  increasing  our  force,  and  so  we  hax'c  increased  to  our  pres- 
ent pro])ortions,  cni])l(\ving  about  450  in  our  offices  and  from 
I  000  to  7  000  workmen  in  the  field. 
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It  was  j^rovvth,  not  direct  creation.  After  many  years'  ex- 
perience in  handlinij^  enj^ineerin^  work,  I  have  reached  the  con- 
chision  that  it  is  impossible  to  tpiickly  make  an  enj^ineering  or- 
ganization. It  must  grow.  Consequently  it  takes  time,  because 
growth  takes  time.  An  engineering  organization,  regardless  of 
how  good  the  units  may  be  of  which  it  is  composed,  is  unreliable 
until  the  units  have  worked  together  a  l(jng  time.  Until  the 
men  that  do  not  work  together  are  weeded  out,  you  cannot  get 
an  efifective  organization  for  comprehensive  work,  so  part  of  the 
virtue  and  competency  of  any  engineering  organization  is  its 
very  age. 

There  is  one  way  to  get  a  rather  clear  idea  of  what  W.,  C, 
K.  &  Co.'s  engineering  organization  does.  Divorce  from  your 
mind  that  anything  they  do  may  be  called  by  a  name,  such  as  an 
industrial  works,  a  power  plant,  or  a  railway  terminal,  and  con- 
centrate your  perception  on  the  fact  that  they  are  organized  to 
take  care  of  a  client's  necessities.  It  is  then  immaterial  whether 
such  necessities  involve  the  electrification  of  a  railroad  or  build- 
ing a  hotel  complete ;  the  design  and  construction  of  structural 
steel  or  building  a  female  seminary ;  the  production  of  a  power 
house  or  designing  a  large  concrete  cow  barn  ;  the  equipment 
of  a  railway  terminal  property  or  turning  out  a  set  of  railway 
shops  or  other  complete  industrial  plant :  the  running  of  prelim- 
inary surveys  for  rights  of  way  or  the  making  of  engineering 
and  statistical  reports  upon  projects.  Everything  is  grist  that 
comes  to  our  mill. 

i  he  very  essence  of  a  competent  engineering  organization 
is  that  it  shall  be  able  to  do  all  of  the  things  that  need  be  done. 
This  seems  complicated,  Init  it  is  much  less  complicated  and 
easier  than  to  be  constantly  confronted  with  something  it 
can't  do. 

The  motive  of  our  concern,  from  its  ofificers  down  through 
its  men,  is  this:  We  absolve  ourselves  from  the  hope  of  any 
extraordinary  or  speculative  gain,  and  accept  an  assured  fixed 
percentage,  which  satisfies  us,  and  we  then  discharge  entirely 
any  question  of  personal  or  corporate  gain.  Thus  every  eiTort 
from  the  head  to  the  foot  of  the  concern  is  bent  upon  serving 
every  possible  economy  of  the  client. 

In  the  working  of  these  economies,  I  want  to  point  out  what 
makes  for  economy.  The  first  is  design,  the  second  is  field  man- 
agement, and  the  third  is  purchase.     A  great  many  people  invert 
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that  order.  Proper  purchasing  and  field  construction,  of  course, 
have  opportunities  for  great  economies,  but  the  greatest  economy 
comes  in  design,  in  the  conception  of  and  the  way  of  going 
at  things.  We  often  cut  $ioo  ooo  out  of  cost  by  a  change  in  the 
design,  with  a  better  result.  I  can  show  you  something  con- 
structed by  us  within  the  past  year  at  a  cost  of  about  $130000 
and  another  plant  of  a  little  more  than  half  its  ultimate  capacity 
for  the  same  purpose  constructed  by  others  at  a  cost  of  about 
$450  000.  The  difference  was  not  caused  by  administration  of 
purchase  or  field  work,  but  by  sufficient  attention  given  to  orig- 
inal design.  Such  results  can  be  obtained  only  when  engineers 
have  for  their  motive  the  interest  of  the  client,  when  the  whole 
undertaking  is  designed  and  constructed  and  carried  through  as 
a  unit  in  the  engineering  spirit.  That  is  the  plan  on  which  we 
are  working. 

We  have  some  limitations.  The  chief  one  is  human  na- 
ture. We  are  also  brought  into  contact  with  the  limitations  of 
those  with  whom  we  deal — those  whom  we  can't  control.  Our 
client's  limitations  almost  become  our  own.  We  have  to  act 
more  or  less  on  their  limitations. 

Another  limitation  is  that  if  our  skill  saves  a  man  $100000 
it  is  not  valued  nearly  as  much  as  he  values  an  engine  or  gen- 
erator for  which  he  pays  $20  000.  Advice,  design,  or  method  that 
saves  money  is  not  valued  as  material  things  are  valued.  If 
you  look  over  the  history  of  engineering  for  twenty-five  years, 
you  will  see  that  very  few  engineering  concerns  have  been  suc- 
cessful. The  ones  who  have  succeeded  are  mostly  those  who 
have  had  some  other  motive  than  engineering,  the  financial 
motive,  dealing  in  securities,  etc.  Wc  have  alwa}'s  had  limita- 
tions which  follow  from  the  necessity  of  making  money  through 
equitable  compensation  for  service  rendered.  We  pretend  to 
make  every  engagement  yield  a  profit. 

Another  limitation  reflects  itself  in  the  attitude  which  (nir 
men  are  sometimes  forced  to  take  with  others,  due  not  so  much 
to  disposition  as  to  the  tinu-  ek'nunt.  Tiiuc  is  tlic  essence  of 
much  of  our  performance.  If  we  did  not  \n\{  the  highest  possi- 
ble value  on  it,  we  could  never  gel  anywhere.  A  great  mill  or 
shop  will  grind  about  a  certain  rate  anyway.  Tn  an  engineering 
concern,  it  is  all  man-work.  If  human  effort  is  alUnved  to  slow 
down,  it  will  soon  reach  mediocrity,  and  then  quickly  come  to  a 
standstill.  Diligence  has  little  time  for  diplomacy.  If  we  had 
plenty  of  time  to  look  out  of  the  window's    and    say    pleasant 
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things,  there  would  be  less  hot  telephoning  and  telegraphing,  but 
we  have  to  regard  time  all  the  time.  If  everything  could  be  done 
leisurely,  it  could  be  done  gracefully.  We  have  no  lack  of  ap- 
preciation for  others  or  what  they  are  accomplishing,  but  the 
pressure  of  the  pace  at  which  things  now  have  to  move  reduces 
the  opportunity  to  keep  such  appreciation  always  in  evidence. 

I  have  tried  to  illustrate  as  nearly  as  I  could  the  spirit  in 
which  we  carry  on  engineering  operations,  in  which  our  purpose 
is  not  to  do  any  one  particular  thing,  but  to  supply  competent 
engineering  and  constructive  activity  to  do  whatever  needs  be 
done. 

THE  PENNSYLVANIA  RAILROAD  TERMINAL 

I  have  been  asked  to  especially  mention  the  Pennsylvania 
Railroad  Terminal  project  and  describe  the  engineering  work  w^e 
are  doing  on  it.  When  the  P.  R.  R.  planned  what  is  ofBcially 
known  as  the  New  York  Extension,  which  means  all  of  the  work 
east  of  the  Meadows,  or  east  of  Snake  Hill,  they  first  appointed 
a  board  of  engineers,  or  tunnel  commission,  which  is  composed 
of  five  engineers — Chas.  W.  Raymond,  Wm.  H.  Brown,  Chas. 
M.  Jacobs,  Alfred  Noble,  and  George  Gibbs.  This  commission 
made  the  plans  and  specifications  of  the  tunnels  and  supervised 
the  letting  of  contracts  for  them.  They  made  Messrs.  Mclvim, 
Mead  &  White  the  architects  for  the  terminal  station  at  Thirty- 
second  street.  They  then  appointed  Mr.  Alfred  Noble  engineer 
in  charge  of  the  heavy  work,  such  as  excavation,  etc.,  at  the 
terminal  site.  They  made  W.  C.  K.  &  Co.  engineers  for  what 
is  called  the  mechanical  and  electrical  development  of  the  under- 
taking, including  all  its  service  work  and  certain  Long  Island 
Railroad  electrification.  So  the  railroad  looks  to  four  parties — 
the  tunnel  engineers,  the  architects,  Mr.  Noble,  and  W.  C.  K. 
&  Co.  These  four  represent  the  efifort  which  is  producing  the 
New  York  Extension.  Later,  the  P.  R.  R.  appointed  as  chief 
engineer  of  electric  traction,  Mr.  George  Gibbs,  formerly  first 
vice  president  of  W.,  C,  K.  &  Co.  thereby  providing  an  ofBcer 
of  the  railroad  through  whom  this  work  is  now  administered. 

Specifically,  our  work  comprises  the  electrification  of  cer- 
tain divisions  of  the  L.  I.  R.  R.  The  power  house  that  stands 
opposite  Thirty-fourth  street,  which  will  be  eventually  about 
looooo  horse-power,  one-half  of  which  is  built  and  one-fourth 
of  the  power  plant  installed.  It  involves  putting  in  another 
power  house,  of  perhaps  30  000  or  40  000  hp,  over  on  the  mead- 


WESTINGHOUSE,   CHURCH,  KERR   &   CO.         389 

ows  in  New  Jersey.  Another  service  power  plant  at  Thir:y- 
first  street,  of  5  000  or  6  000  hp.  Then  there  is  the  electrical 
transmission  system  from  the  New  Jersey  meadows  across  to 
Long-  Island,  and  the  substations  that  go  with  it.  It  will  be 
noted  that  the  architects  design  the  buildings,  but  not  the  engi- 
neering service  features.  This  is  our  work  and  will  comprise  some 
thirty  or  more  service  functions,  among  which  are  the  following : 
Air  brake  testing,  air  cleaning,  baggage  check  delivery,  baggage 
hauling,  car  heating,  time  and  watchmen's  clocks,  drainage  and 
plumbing,  lighting,  elevators,  emergency  room,  dumbwaiters, 
fire  and  frost  protection,  garbage  disposal,  heating  and  ventilat- 
ing, pipe  and  wire  galleries  and  tunnels,  power  wiring  and  con- 
duit work,  refrigeration,  steam  for  restaurant  service,  telegraph 
and  telephone,  train  indicators,  connections  for  train  lighting, 
vacuum  cleaning,  and  cooled,  cold  and  hot  water  supply. 

The  terminal  structure  will  be  virtually  a  steel  building 
with  a  granite  shell,  and  the  architects,  at  the  requests  of  the 
P.  R.  R.,  made  us  their  engineers  to  design  the  steel  for  the  build- 
ing proper,  which  we  do  for  a  fee  from  the  architects.  We  are 
also  the  engineers  for  what  is  known  as  the  ''Easterly  Por- 
tion", comprising  that  part  of  the  excavation  and  bridging  east 
of  the  westerly  line  of  Seventh  avenue,  and  which  forms  the  V- 
shaped  throats  of  approach  to  the  easterly  tunnels ;  also  for 
the  street  bridging  in  the  streets  and  avenues  surrounding  the 
building.  The  extent  of  this  work  may  be  appreciated  from  the 
fact  that  the  terminal  property  extends  from  Thirty-first  to 
Thirty-third  streets  and  from  Sc\'enth  to  Ninth  avenues,  and 
for  sup])orling  the  frontage  over  the  excavation  the  width  of  a 
street  all  around  requires  some  21  000  tons  of  steel,  all  outside  of 
the  Iniilding.  We  have  also  had  to  do  extensive  work  in  con- 
nection with  track  plans,  undcrdrainagc,  and  manv  special  fea- 
tures too  numerous  to  outline,  but  all  of  which  form  a  part  of  a 
complicated   property  of  this   l>']ie. 

In  general,  about  one-half  of  our  work  is  constructive  and 
the  balance  engineering  service.  We  have  already  finished  about 
$7500000  of  work  on  this  undertaking. 


THE  MAINTENANCE  AND  CALIBRATION  OF 
SERVICE  METERS* 

WILLIAM   BRADSHAW 

THE  modern  integrating  wattmeter  has  reached  a  stage  in 
its  development  where  the  user's  share  of  attention  is 
reduced  to  a  mininuim.  Nevertheless,  careful  and  intelli- 
gent inspection  and  calibration  are  necessary  and  a  never-failing 
source  of  revenue. 

The  maintenance  bureau  will  have  for  its  principal  work  a 
periodic  inspection  and  test  of  its  service  meters.  This  can  only 
be  accurately  and  well  done  when  properly  systematized.  Rec- 
ord cards,  giving  the  head  of  the  meter  department  at  a  glance 
the  condition  of  the  entire  meter  equipment,  should  be  used. 

CALIBRATION 

The  most  efificient  and  cheapest  method  of  making  the  peri- 
odic inspection  and  test  consists  in  using  such  apparatus  for  the 
line  test  that  the  services  of  but  one  man  capable  of  performing 
both  inspection  and  test  are  required. 

Secondary  standards  with  which  the  line  test  can  be  easily 
and  accurately  made  are  now  available  in  the  form  of  special 
integrating  wattmeters,  variously  known  as  test  meters,  master 
meters  and  portable  standard  integrating  meters.  The  method 
of  this  line  test  consists  in  comparing  the  speeds  of  the  moving 
element  of  the  service  meter  and  the  standard.  A\'hen  used 
with  discretion,  it  is  the  most  accurate  and  reliable  method  avail- 
able. The  special  integrating  meter  should  never  be  considered 
as  anything  but  a  secondary  standard  and  then  only  when  its 
calibration  is  frequently  checked  by  a  reliable  and  accurate  pri- 
mary standard. 

The  laboratory  work  will  consist,  first,  of  test  and  repairs 
on  service  meters,  the  line  test  and  inspection  of  which  have  indi- 
cated the  need  of  more  extensive  repairs  and  calibration  than  can 
be  made  at  the  installation ;  second,  of  the  care  and  calibration  of 
the  secondary  standards.  The  most  important  and  vital  work 
of  the  maintenance  bureau  and  laboratory  of  the  central  station 
is  the  proper  use  and  calibration  of  the  secondary  standards  and 


*From   a  paper   read  before   the   National    Electric      Light   Association, 
June  7,  1906. 
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the  care  and  use  of  the  primary  standard.  If  the  standard  is  to 
be  used  for  cahbrating  service  meters  of  a  different  type  than 
the  standard,  its  cahbration  should  inchide  the  change  of  regis- 
tration for  changes  of  frequency. 

The  method  of  cahbrating  service  meters  by  means  of  the 
rotary   standard   is   so  simple   that   many   make   the   mistake   of 


FIG.    I — CURVES    ILLUSTRATING    VARIATION.      5    AMPERE,    lOO   VOLT,    7JOO 
ALTERNATION    SINGLE-PHASE    WATTMETER 

Varying  load,  constant  voltage  and  frequency. 
Varying  voltage,  constant  current  and  frequency 
Varying  frequency,  constant  current  and  voltage. 

thinking  that  all  that  is  necessary  to  make  the  proper  check  on 
the  meter  under  test  is  to  compare  its  speed  with  the  standard 
If  the  service  meter  and  standard  are  of  the  same  type  and 
capacity,  a  comparison  of  speeds  indicates  directly  the  accuracy  oi 
the   meter  under  test;   however,   if  of  different   l}])cs  they  will 
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FIG.    2 — CURVES    ILLU.STRATING    VARIATION.      5    AMPERES,    ICO   VOLTS,    720O 
ALTERATIONS,    SINGLE-PHASE    WATTMETER 

Varying  load,  constant  voltage  and  frequency. 
Varying  voltage,  constant  current  and  frequency. 
Varying  frequency,  constant  current  and  voltage. 

have  difl'erent  characteristics  and  hence  give  dilTerent  registration 
for  the  same  loads  or  for  variation  from  normal  of  the  voltage, 
frequency  or  temperature  as  shown  by  Figures  i  and  2. 

Corrections  must  be  made  in  the  reading  taken  during  test 
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for  this  dilTcrcnt  i)crccnlcii^c  rcj^istralitjii  or  serious  error  will  be 
made  in  setting  the  meter  under  test. 

The  loads  at  which  the  cahbration  of  the  service  meter  is 
made  will  also  materially  affect  the  accuracy  of  its  calibration. 
The  usual  line  tests  are  o.i  and  full-load.  The  full-load  calibra- 
tion being  made  by  moving  the  permanent  magnets  and  the  o.i 
load  calibration  by  the  fricticjn  compensation.  The  closest  pos- 
sible setting  by  this  means  at  o.i -load  may  give  an  error  of  from 
6  to  12  per  cent,  at  o.02-load  and  may  even  make  the  meter  creep 
on  voltage  alone.  Hence  with  the  modern  meter  the  line  calibra- 
tion at  light  load  should  be  at  0.04-load  or  below. 

The  construction  of  the  secondary  standard  will  also  aft'ect 
the  meter  calibration.  The  standard  should  have  several  differ- 
ent capacities  of  series  coils ;  their  normal  capacity  correspond- 
ing to  the  normal  capacities  of  the  service  meters  in  use.  If 
these  capacities  do  not  agree  there  is  another  chance  of  error 
being  made  in  calibrating  the  meter.  A  test  should  never  be 
made  with  the  meters  so  arranged  as  to  give  nearly  full-load 
on  the  standard  and  light  load  on  the  meter  being  tested.  Each 
type  of  integrating  meter  has  a  load  curve  that  is  not  only  dif- 
ferent, but  whose  general  shape  is  inherent  and  not  a  straight 
line.  Hence  the  calibration  of  a  meter  by  a  load  at  one  point  of 
the  curve  and  a  reading  on  the  standard  at  another  point  of  the 
curve  may  mean  an  error  in  the  setting  of  from  0.5  to  one  per 
cent.,  or  even  more. 

If  the  several  current  capacities  are  obtained  by  separate 
coils  for  each  capacity,  it  is  practically  impossible  to  get  the  same 
percentage  registration  for  corresponding  points  on  the  load 
curve  of  each  capacity.  Allowance  must  be  made  for  this  differ- 
ence or  an  additional  error  may  be  made  in  the  meter  setting. 
However,  if  there  is  but  one  series  coil  on  the  standard  made  up 
of  a  number  of  sections  which  are  connected  in  series-par- 
allel groups  for  different  capacities,  there  will  be  no  difference  in  the 
registration  at  corresponding  points  of  each  capacity  load  curve 
and  hence  no  chance  for  error  from  this  cause. 

In  selecting  a  secondary  standard  choice  should  be  made 
of  the  meter  which  shows  the  best  average  performance  for  both 
load,  voltage  and  frequency,  and  the  limits  of  variation  should 
not  be  greater  than  specified  for  service  meters. 

The  primary  standard  determines  the  accuracy  of  the  entire 
bureau's  work  and  its  reliability  and  permanency  are  of  vast 
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importance.  The  service  meters  have  an  inherent  range  of  75 
times  its  smallest  calibrated  reading  and  the  primary  standards 
must  cover  the  range  limits  of  the  entire  line  of  service  meters 
in  use  by  the  station. 

The  manufacturer  or  some  standardizing  laboratory  should 
calibrate  and  maintain  the  primary  standard.  The  difficulties  en- 
countered in  both  calibration  and  maintenance  are  best  shown 
by  a  detailed  description  of  the  calibration  of  a  line  of  instru- 
ments having  the  extreme  ranges  required  and  the  requisite 
accuracy. 

There  are  three  classes  of  errors  materially  aft'ecting  the  ac- 
curacy of  the  calibration  of  electrical  instruments — errors  due 
to  unsuitable  standards ;  errors  due  to  vibration  or  unsteady  load, 
and  personal  errors.  In  the  method  of  calibration  described  an 
effort  was  made  to  reduce  each  of  these  classes  of  errors  to  a 
minimum. 

The  calibrations  are  made  by  comparison  with  standard  cells 
and  standard  resistances,  which  are  the  fundamental  standards 
for  practical  purposes.  The  regular  method  of  calibrating  am- 
meters by  measuring  the  actual  current  in  the  instrument  wind- 
ings by  means  of  one  or  more  potentiometers  and  standard  re- 
sistances, is  also  applied  to  wattmeter  and  voltmeter  calibra- 
tions. The  shunt  circuits  of  the  wattmeters  and  voltmeters  re- 
quire the  same  current  for  their  operation,  and  this  fact  permits 
the  use  of  instruments  so  made  as  to  measure  that  particular 
value  of  current  with  the  highest  precision.  The  caliliration  (^f 
the  wattmeters  is  made  by  two  potentiometers,  one  for  measur- 
ing the  shunt  and  one  the  series  current. 

The  potentiometer  for  measuring  the  shunt  current  is  ad- 
justed to  measure  exactly  o.  i  ampere,  and  with  the  sensitive  gal- 
vanometer used  the  slightest  deviation  from  this  \alue  is  readily 
detected.  The  rheostat  used  for  controlling  the  shunt  circuit  is 
arranged  for  fine  adjustment  and  is  so  placed  that  it  can  be  read- 
ily operated  by  the  man  who  reads  the  two  potentiometers. 
The  two  sensitive  gahanonicters  used  with  the  calibration  of 
wattmeters  have  conca\c  mirrors  which  rotlect  the  light  from  a 
Nernst  glower  on  one  scale  close  togellior.  si>  thai  the  observer 
reading  the  potentiometers  practically  controls  the  entire  calibra- 
tion. 

The  variations  in  the  voltage  of  the  stautlard  cell  iov  at 
least  two  years  after  they  ha\e  been  set  up  is  practically  negli- 
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foible,  sckloin  cxcccdinj,^  o.oi  per  cent.  After  the  voltage  begins 
to  vary  apprecial)ly  the  cell  is  discarded,  owing  to  the  liability 
of  serious   error  being   introduced  at  any   moment. 

The  change  in  resistance  of  the  wire  used  as  standard  re- 
sistance is  even  smaller  than  the  percentage  change  of  the  volt- 
age of  the  standard  cell,  and  decreases  with  age.  Manganin  wire 
properly  aged  does  not  change  its  resistance  more  than  a  few 
thousandths  of  one  per  cent,  in  a  period  of  several  years. 

There  is  practically  no  limit  to  the  sensibility  obtainable  in 
such  measurements,  so  far  as  the  instruments  are  concerned.  By 
using  sensitive  galvanometers  and  standard  resistances  with  suf- 
ficient resistance  to  give  a  large  drop  of  voltage  with  the  cur- 
rent to  be  measured,  the  sensibility  can  be  made  such  that  a 
change  of  .0001  per  cent,  is  as  easily  detected  as  a  change  of  one 
per  cent,  is  in  ordinary  commercial  measurements. 

The  refinement  obtainable  in  electrical  measurements  by 
use  of  potentiometers  is  well  known,  but  they  are  not  adapted 
for  measuring  alternating  current  or  unsteady  direct  current.  The 
ideal  instrument  for  this  service  is  one  which  approaches  the 
accuracy  of  the  potentiometer  and  allows  the  ease  and  quickness 
of  manipulation  necessary  in  the  ordinary  station  test-room.  The 
calibration  of  this  instrument  is  made  by  direct  comparison  with 
primary  standards  of  highest  possible  accuracy  and  it  is  used 
on   either  direct   or   alternating   current. 

The  calibration  of  precision  instruments  is  made  with  a  de- 
gree of  accuracy  not  obtainable  anywhere  except  in  a  stand- 
ardizing laboratory  especially  equipped  for  very  accurate  meas- 
urements. The  current  used  is  taken  from  storage  cells  of  so 
much  greater  capacity  than  that  required  for  the  calibration  that 
its  use  has  no  effect  on  the  voltage  of  the  cells  used.  In  taking 
readings  for  determining  the  calibration  curve,  the  meter  index 
is  always  set  to  read  on  some  even  scale  division  and  the  cur- 
rent is  then  adjusted  to  produce  this  reading  and  measured  by 
means  of  a  potentiometer.  Two  operators  are  necessary ;  one 
to  maintain  the  current  constant  at  the  amount  required  and 
the  other  to  read  the  potentiometers.  The  whole  process  is 
really  under  the  direct  observation  of  the  operator  in  charge  of 
the  potentiometers,  since  with  uniformly  divided  scales  the  con- 
stants, obtained  from  taking  readings  at  several  points  on  the 
scale,  must  agree  within  the  limits  of  the  variations  of  the  torque 
of  the  springs.     Since  there  can  be  no  sudden  variation  in  the 
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torque  of  the  spring  from  a  curve  approximately  varying  di- 
rectly as  the  deflection,  it  is  evident  that  any  reading  which  does 
not,  with  the  other  readings,  make  the  slope  of  this  curve  grad- 
ual is  wrong  and  must  be  checked.  Thus,  if  either  operator 
makes  a  mistake,  the  error  is  at  once  apparent  from  the  readings 
of  the  potentiometer.  The  personal  error  is  thus  reduced  to  the 
extremely  improbable  chance  of  a  series  of  errors  following  a 
uniform  law  throughout  several  consecutive  readings. 

The  variable  relation  between  the  deflection  of  a  spring  and 
the  torque  required  to  produce  it  is  not  generally  realized.  In 
the  use  of  ordinary  current  dynamometers,  the  assumption  is 
made  that  the  torque  is  directly  proportional  to  the  deflection 
and  the  constant  is  determined  by  averaging  the  quotient  of  the 
current  divided  by  the  square  root  of  the  deflection  obtained  from 

readings   at   several   parts   of  the 
Uniformly  graduated  scale. 

Such  an  assumption  is  accurate 
for  some  purposes.  However,  the 
error  due  to  it  varies  with  differ- 
ent springs  and  can  be  changed 
for  any  spring  by  changing  the 
Vvay  in  which  it  is  clamped  to  the 
instrument  and  changing  the 
shape  of  one  or  more  turns. 

The  curves  I'ig.  3  are  the  cali- 
bration of  several  Siemens  dy- 
namometers and  a  precision  in- 
strument. The  dynamometer 
curves  represent  checks  on  the 
manufacturer's  calibration.  The  curve  showing  the  minimum  devi- 
ation from  a  straight  line  represents  the  average  calibration  on  a 
commercial  precision  instrument. 

This  deviation  from  a  straight  line  is  duo  to  several  factors, 
including  every  detail  in  the  design  of  tiie  spring,  spring  holder 
and  method  of  their  mounting.  In  calibrating  precision  instru- 
ments the  springs  are  adjusted  to  approximately  the  right 
strength  and  a  trial  calibration  curve  is  made  by  observing  the 
current  corresponding  to  deflections  at  four  or  five  points  on 
the  scale.  A  rough  curve  plotted  from  these  readings  indicates 
whether  or  not  the  calibration  will  be  within  the  limits  of  the 
allowable    variation.      Experience    enables    the    operator    to    tell 
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from  the  prcliininary  curve  what  adjustment  is  nccesssary  to 
improve  the  caHhratiou  when  the  curve  is  outside  the  allowable 
limits. 

Any  curve  having  either  large  or  small  variations  will  repeat 
itself  perfectly  at  any  time,  provided  no  re-adjustment  of  the 
springs  is  made  inside  the  meter.  Adjusting  the  springs  so  as 
to  make  the  calibration  curve  practically  a  straight  line  does 
not  ailect  the  accuracy  of  the  meter,  except  when  readings  are 
taken  without  reference  to  the  curve. 

Regarding  the  accuracy  and  sensibility  of  precision  instru- 
ments, it  is  found  that  when  the  curve  is  once  located,  any  point 
can  be  checked  within  0.03  of  a  division,  which  is  about  0.06 
per  cent,  at  one-fourth  scale  and  0.02  per  cent,  at  full  scale. 
These  check  readings  must  be  made  with  steady  current  and 
corrections  for  temperature.  However,  their  accuracy  demon- 
strates that  the  only  practical  limit  upon  the  accuracy  obtainable 
with  the  instrument  is  the  limit  to  which  personal  errors  and 
the  uncertainty  due  to  fluctuating  load  can  be  reduced. 

In  addition  to  the  calibration  on  direct  current,  thorough 
tests  are  made  on  alternating  current  to  guard  against  any  de- 
fect that  might  appear  more  prominent  with  alternating  than 
direct  current. 

It  has  been  the  purpose  to  emphasize  some  essential  points 
in  the  use  of  secondary  and  primary  standards  which  are  not 
generally  understood  or  recognized.  The  difficulties  of  prop- 
erly maintaining  and  calibrating  the  meter  equipment  of  a  cen- 
tral station  are  many  and  serious ;  nevertheless,  they  can  be 
overcome  by  a  properly  organized  and  equipped  bureau.  The 
organization  of  the  maintenance  bureau  will  depend  entirely 
upon  the  ability  of  its  head.  The  equipment  will  be  effective  in 
producing  accurate  and  permanent  results  in  proportion  to  the 
liberality  of  the  financial  policy  of  the  operating  company.  The 
energetic  and  progressive  company  will  provide  an  equipment 
of  primary  and  secondary  standards  which  are  free  from  the 
difficulties  previously  described  and  meet  all  the  requirements 
for  accurate  and  permanent  work;  such  standards  are  available 
and  have  demonstrated  their  accuracy  and  permanency  in  com- 
mercial service.  The  proper  equipment  of  standards  and  intel- 
ligent use  of  the  same  will  always  result  in  a  material  saving 
of  tlie  company's  revenue. 
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The  following"  table,  prepared  by  President  L.  B.  Marksj 
and  contained  in  his  paper  read  before  the  Illuminating  Engi- 
neering Society,  gives  an  idea  of  the  extent  to  which  electricity 
is  used  for  illumination : 

APPROXIMATE    COST    OF    ILLUMINATION   TO    THE    CONSUMER    PER    ANNUM    IN    THE 
UNITED   STATES    (1905) 

Electric  light Between  $ioo  ooo  ooo  and  $120  000  000 

Coal  and  water  gas "  35  000  000    "       40  000  000 

Natural  gas "  1700000 

Acetylene "  2  500  000    "         3  000  000 

Oil "  60000000 

To  reach  a  fair  conclusion  on  the  safety  of  electricity  as 
compared  with  other  light,  heat  and  power  mediums,  a  territory 
is  selected  in  which  electricity  is  widely  represented.  New  York 
Cit}^  is  unquestionably  one  of  the  most  densely  electrically  sup- 
plied territories  in  the  world.  Hundreds  of  miles  of  conductors 
traverse  almost  every  avenue  and  side  street  of  Manhattan  and 
The  Bronx  and  thousands  of  miles  of  wires  radiate  through  each 
block  of  buildings;  many  structures  alone  extending  over  many 
acres  and  containing  installations  larger  than  are  found  in  many 
towns  throughout  the  country.  Over  150000  horse-power  in 
motors,  hundreds  of  thousands  of  arc  and  incandescent  lamps,  as 
well  as  heating  appliances,  are  here  supplied  in  one  of  the  most 
congested  centers  of  the  country.  Surely  in  this  territory  the 
extent  of  the  electrical  hazard  can  be  fairly  judged. 

The  following"  taljle  has  been  accurately  compiled  from  the 
official  reports  of  the  fire  department  of  New  York  City  for  the 
years  1902-5,  it  being  assumed  that  the  field  has  shown  its 
greatest  growth  during  the  last  four  years.  In  this  table  are 
represented  not  only  the  other  illuminant  risks,  but  common  do- 
mestic risks  as  well.  In  order  that  a  fair  idea  may  be  obtained 
of  the  danger  of  electrical  equipment  compared  with  that  of  other 
ordinary  risks,  it  must  be  borne  in  mind  that  electricity  might, 
with  fairness,  be  compared  as  well  to  power  mediums,  such  as 
boilers,  furnaces,  and  the  like,  since  in  the  item  "l'',lectric  light 

*  Extracts  from  the  report  of  tlie  committee  on  "The  Fire  Hazard 
of  Electricity,"  read  before  the  National  Electric  Light  Association, 
June,    1906.      Committee:    IT.    C.    Wirt,  C.   E.  Skinner  and  A.  .1.   Pope. 
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wires,  sparks  from,  or  defective"  not  only  is  electricity  repre- 
sented as  an  illuminant,  but  as  a  very  considerable  source  of 
power  as  well  as  of  heat.  Nevertheless,  the  total  supply  of  elec- 
tricity, considered  as  an  illuminant  alone,  it  can  be  readily  seen, 
compares  very  favorably  with  other  lighting  mediums. 


MANHATTAN    AND   THE   BRONX.      CAUSES    AND    LOSSES    BY    FIRES — WITH    AVER.\GES 

AND    PERCENTAGE 


Ashes  (hot);  igniting  woodwork,  etc.... 

Chimneys,  fireplaces,  flues  (defective),  grates,  etc.; 
heat  from 

Candles  and  tapers,  carelessness  in  use  of. 

Electric  light,  wires,  etc.,  sparks  from  or  defective.... 

Kerosene,  naphtha,  benzine,  gasolene,  etc  ;  explo- 
sions or  ignition  of 

Kerosene  oil,  used  in  starting  stove  fires 


1902-1905 


No.  of 
Fires 


113 

1,710 

1,248 
361 

352 
21 


Total 
I,oss 


Av. 
I,oss 

per 
Fire 


$  19,220  I      170 


Gas— escaping  and  explosion  of 687 

"      lights,  igniting  curtains,  etc 894 

"      stoves,  ranges,   radiators,   etc.;  explosion  of  or 

heat  from 468 

Gas— total 2,049 

l,AMps — kerosene,    gasolene,   etc.;  falling,  breaking,! 

upsetting,  heat  from 

"         alcohol,  kerosene,  etc.,  explosion  of 

l,amps  total 


Matches — carelessness  in  the  use  of., 

"  gnawed  by  mice  or  rats 

Matches,   total 


Sparks — from  chimnej'S,  stoves,  stove-pipes,  etc 

Stoves— furnaces,  stove-pipes,  etc.;  heat  from 

"         furnaces,  grates,  etc.;  hot  coals  falling  from. 

"  kerosene,  gasolene,  etc.;  explosion  of 

"         kerosene,  gasolene,  etc.,  falling,  upsetting, 
heat  from 


Thawing  out  frozen  water  pipes,  gas  pipes,  etc. 
Total  number  fires — all  causes 


560 
266 
826 

2,952 

125 

3,077 

640 

1,515 

114 

6 

180 

385 

26,878 


216,005 
107.303 
207,610 

178.408 
972 

39,603 
91,761 

56,799  I 
188,163 


113,529  i 

23,795 

137,324 

500,995 

71,966 

572,961 


126 

86 

575 

507 
46 

58 
103 


203 

89 

166 

170 
576 
186 


i 

Total 
Fires 


0.42 

6.36 
4.64 
1.34 

1.31 
0.08 

2..56 
3.32 

1.74 
7.63 


i 

Total 
I,oss 


1.197 
0.594 
1.150 

0.988 
0.005 

0.219 
0.508 

0.315 
1.042 


2.08  I  0.629 
0.99  0.132 
3.07  I    0.761 


10.98  i 

0.46 

11.45 


2.775 
0.399 
3.174 


110,794   173 


2.38  0.614 


513,301  ! 
16,368 
3,100 

23,205 

53,.548 

8,053,397 


332 
144 
517 

129 

160 

672 


5.75 
0.42 
0.02 

0.67 

1.25 


2.844 
0.091 
0.017 

0.128 

0.297 


It  can  be  seen  that  the  percentage  of  damage  due  to  lamps  is 
well  over  that  of  electricity.  It  can  also  be  seen  at  a  glance  that 
the  percentage  column  for  the  entire  four  years  with  many  risks, 
such  as  matches,  stoves,  kerosene,  naptha,  benzine  and  gasolene, 
gas  stoves,  defective  chimneys  and  flues,  are  well  up  with  and  in 
some  instances  exceed  the  percentage  of  total  losses  attributed  to 
electricity.  In  a  more  general  comparison  of  the  hazard  of  common 
and  every-day  risks,  the  relative  safety  of  electricity  is  shown  very 
clearly.  The  following  table  shows  convincingly  the  place  of  elec- 
tricity among  other  risks.  As  over  eight  times  as  many  fires  are 
caused  by  the  handling  of  matches  as  are  due  to  electricity ;  six,  five, 


FIRE  HAZARD  OF  ELECTRICITY  399 

four  and  three  times  as  many  caused  by  risks  most  common  in  every 
house,  the  undoubted  safety  of  the  electric  light  medium  for  the 
modern  building  would  seem  to  be  demonstrated  beyond  question. 

TOTAL  FIRES — IN   ORDER  OF   MAGNITUDE 

1902- 1905 

Manhattan  and  the  Bronx  (Inclusive) 

I — Matches ;  carelessness  in  use  of 2952 

2 — Chimneys,  fireplaces,  flues  (defective)  grates,  etc.;  heat  from  ....  1710 

3 — Cigars,  cigarettes,  pipes,  etc. ;  smoking  of 1690 

4 — Stoves,  furnaces,  stove-pipes,  etc. ;  heat  from 1545 

5 — Candles  and  tapers ;  carelessness  in  use  of 1248 

6 — Children  playing  with  fire,  matches,  etc 1098 

7 — Gas-lights  ;  igniting  curtains,  etc 894 

8 — Lamps,   kerosene,   gasoline,   etc.,    falling,   breaking,    upsetting,   heat 

from  . . 826 

9 — Gas  ;  escaping  and  explosion  of 687 

10 — Sparks  from  chimneys,  stoves,  stove-pipes,  etc 640 

II — Gas-stoves,  ranges,  radiators,  etc.;  explosion  of,  heat  from   ..    ..  468 

12 — Meats,  fat,  glue,  etc. ;  igniting  on  stove 370 

13 — Electric  light  and  wires 361 

The  following  comparative  statement  of  total  losses  shows  the 
relatively  small  damage  due  to  electrically  caused  fires  considered 
with  other  common  risks : 

TOTAL  LOSS   IN  ORDER  OF   M.\GNITUDE 

1902- I9OS 

Manhattan  and  the  Bronx  (Inclusive) 

Stoves,  furnaces,  stove-pipes,  etc $513  301 

Matches;  carelessness  in  the  use  of 500 99^^ 

Chimneys,  fire-places,  flues  (defective),  grates,  etc.,  heat  from  ....  216005 
Electric  lights,  wires,  etc.;  sparks  from  or  defective 207610 


THE  EFFECT  OF  VOLTAGE  AND  FREQUENCY  VARI- 
ATIONS ON  INDUCTION  MOTOR  PERFORMANCE 

(.liRARL)  B.  WKRNER 

IT  frc([ucntly  li;i|)i)ens  that  an  induction  motor,  on  account  of 
special  local  conditions,  is  operated  on  a  circuit  of  a  voltage 
or  a  frequency  different  from  that  for  which  the  motor  was 
designed  and  rated.  Under  such  circumstances,  the  performance 
will  vary  from  the  performance  at  normal  operation.  The  follow- 
ing analysis  deals  with  the  effects  on  the  motor  performance  caused 
by  variations  in  the  supply  circuit : 

I.  Over-J^oltage — Consider  a  50  hp.,  2-phase,  200-volt,  8-pole, 
7  200  alternation  motor  with  cage  secondary.  If  this  motor  is  ope- 
rated on  a  220-volt  circuit,  this  10  per  cent-above  normal  voltage 
will  slightly  change  the  running  characteristics. 

The  iron  loss,  which  is  proportional  to  a  power  of  the  induc- 
tion nearly  equal  to  2,  is  increased  18  per  cent.,  because  the  induc- 
tion in  the  iron  (which  varies  wdth  the  voltage)  is  10  per  cent, 
greater. 

The  effect  of  the  change  in  voltage  dift'ers  in  different  motors. 
In  order  to  give  definite  figures,  however,  a  particular  motor  is  taken 
which  is  to  be  considered  as  typical  and  illustrative  of  the  kind  of 
effects  which  result  from  a  change  in  the  supply  circuit  rather  than 
giving  precise  figures  which  apply  to  all  motors. 

The  friction  and  windage  wall  be  roughly  the  same,  as  the 
speed  changes  only  .8  per  cent. 

The  primary  copper  loss  will  be  smaller,  because  the  current 
required  for  the  same  hp.  is  smaller. 

The  secondary  copper  loss  is  only  86  per  cent,  due  to  the  lower 
slip,  which,  for  the  same  hp.  and  apparent  efficiency,  varies  in- 
versely as  the  square  of  the  voltage. 

The  aggregate  losses  are  a  little  smaller,  resulting  in  an  effi- 
ciency .7  per  cent  higher  than  under  rated  voltage. 

The  magnetizing  current,  expressed  in  per  cent  of  the  total 
current,  will  for  a  given  motor  winding  and  magnetic  circuit,  be 
directly  proportional  to  the  square  of  the  voltage  (provided  the  iron 
is  worked  below  saturation). 

The  leakage  or  reactance,  expressed  in  per  cent  of  the  total 
induction,   is   inversely  proportional   to   the   square  of   the   voltage 
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(since  tlie  induction  is  increased,  and  the  current  is  decreased). 

The  power-factor,  which  may  be  readily  obtained  from  the  re- 
lation : 

fo  F.F.=\/ too-— (fo  magnetizing  -|-  fc  leakage)^ 
is   1.2  per  cent  lower  than  under  normal   operation,  due  to  these 
changes  in  the  wattless  components,  directly  consequent  upon  the 
increased  voltage. 

The  apparent  efficiency  remains  about  the  same. 

The  pull-out,  or  maximum  torque,  is  20  per  cent  greater  on 
account  of  the  reduced  leakage. 

The  starting-torque  is  also  increased  20  per  cent. 

It  is  thus  seen  (Table  i)  that  operation  at  10  per  Cent  over- 
voltage  in  a  well-designed  motor  is  quite  satisfactory,  resulting  in 
higher  pull-out  and  starting  torcjues,  higher  efficiency,  and  lower 
temperature  rise ;  but  lower  power-factor. 

TABLE  I. 

50  HP — 2  Phase — 200  Volts — 8  Poles — 7200  Alts. 

200  V.  220  V.  250  V. 

Output,  watts 37  300  37  300  37  300 

Speed,  r.p.m 856  865  872 

Slip,  per  cent 4.8  4.0  3.1 

Pull-out,  or  maximum  torque.  3.1  3.7  4.9 

Starting-torque 2.1  2.5  3.0 

Real  Efficiency,  per  cent 87.8  88.5  88.8 

Power  Factor,  per  cent 93.2  92.0  86.8 

Apparent  Efficiency,  per  cent. .  81.8  81.4  77.2 

Iron  Loss i  100  i  300  i  650 

Friction  and  Windage 620  620  620 

Prim.  Copper 1700  i  410  i -230 

Sec.  Copper i  880  i  550  i  180 

Total  Losses 5  200  4  880  4  680 

Real  Input 42  500  42  200  42  000 

Magnetizing,  per  cent 23.6  28.5  41.0 

Leakage,  per  cent 12.9  10.7  8.8 

Apparent   Input 45 /oo  45800  48300 

Note. — Losses  are  given  in  watts;  pull-out  and  starting  torques  are 
given  in  terms  of  full-load  ti>r()uo. 

No  general  rule  can  bo  deduced  to  1)0  applicable  In  all  cases, 
as  the  efficiency  under  abnormal  voltage  will  depend  on  the  relative 
distribution  of  the  losses ;  and  the  power-factor  on  the  relative  mag- 
nitude of  the  leakage  and  magnetizing  currents.  The  power-factor 
generally  decreases  as  the  magnetizing  is  generally  T.5  [o  3  times 
the   leakage. 

The  foregoing  analysis  will  also  apply  lo  the  performance 
at  fractional  loads.  The  effect  of  over-V(»ltage  on  the  jiower-factor 
will  be  more  marked;  because,  at  half-load.  c.  g..  the  per  cent  mag- 
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netizing  current  is  nearly  double,  and  the  per  cent  leakage  is  about 
halved.  While  over-voltage  at  full  load  increased  the  efficiency 
slightly,  at  half-load  the  efficiency  will  be  reduced ;  because  the  iron 
and  friction  losses  which  are  practically  the  same  throughout 
the  range  of  load,  are  much  in  excess  of  the  copper  losses. 

The  efifect  of  over- voltage  exceeding  lo  per  cent  will  result 
in  a  wide  variation  from  the  performance  at  rated  voltage  (Table  I). 
At  250  volts  the  magnetizing  current  is  increased  to  41  per  cent, 
the  iron  being  worked  beyond  the  bend  in  saturation  curve ;  resulting 
in  a  greatly  reduced  power-factor.  While  the  starting  and  over- 
load capacity  (pull-out)  are  increased,  the  higher  iron  loss  would 
jeopardize  cool  operation. 

2.  Undcr-Voltagc — Taking  another  representative  motor  we 
will  note  the  variation  in  the  performance  produced  by  running  at 
91  per  cent  and  73  per  cent  of  rated  voltage  (Table  II). 

TABLE  II. 
75  HP— 3  Phase— 550  Volts — 6  Poles— 3  000  Alts. 

550  V.  500  V.  400  V. 

Output,  watts 56  000  56  000  56  000 

Speed,  r.p.m 478  473  460 

Slip,  per  cent 4-3  5-2  8.1 

Pull-out 3-6  30  1.8 

Starting  Torque 2.5  2.6  1.2 

Real  Efficiency,  per  cent 89.9  88.6  83.8 

Power  Factor,  per  cent 93-3  94-0  93-3 

Apparent  Efficiency,  per  cent.       83.8  83.3  78-3 

Iron   Loss i  100  930  600 

Friction  and  Windage 400  400  400 

Prim.    Copper 2300  2810  5000 

Sec.  Copper 2500  3070  4  930 

Total  Losses 6300  7210  10930 

Real  Input 62  300  63  200  66  900 

Magnetizing,  per  cent 24.9  20.5  12.3 

Leakage,  per  cent 11. i  i3-6  22.7 

Apparent   Input 66  800  67  200  71  800 

When  running  at  500  volts  the  efficiency  is  somewhat  lower 

The  iron  loss  is  reduced  15  per  cent,  by  the  lower  density  in 
the  iron. 

The  friction  and  windage  is  unchanged. 

The  primary  copper  loss  is  22  per  cent  larger,  due  to  increased 
current,  and  the  secondary  copper  loss  is  about  20  per  cent  greater, 
due  to  larger  slip. 

The  power-factor  is  improved  .7  per  cent  by  the  smaller  mag- 
netizing current,  but  the  pull-out  is  decreased  17  per  cent  by  the 
larger  leakage. 

The  starting  torque  and  apparent  efficiency  are  about  the  same. 
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So  that,  operation  at  lo  per  cent  imder-voltage  is  quite  satis- 
factory, provided  the  starting  and  pull-out  torques  are  adequate 
for  the  work  required ;  and  the  design  liberal  enough,  so  that  the 
greater  losses  do  not  result  in  an  excessive  temperature  rise. 

If  the  voltage  is  reduced  2y  per  cent,  that  is,  if  the  e.  m.  f.  be  400 
factor  at  fractional  loads  will  be  bettered  several  per  cent  by  a  drop 
in  voltage.  At  550  volts  the  power-factor  is  85.5  per  cent  at  half- 
load;  at  500  volts,  89.2  per  cent.  The  efficiency  at  half-load,  how- 
ever, is  lowered  by  a  drop  in  voltage. 

If  the  voltage  is  reduced  27  per  cent, that  is,  if  the  e.  m.  f.  be  400 
instead  of  550,  the  efficiency  is  greatly  reduced  (83.8)  per  cent), 
and  the  pull-out  and  starting  torques  are  about  halved,  although  the 
power-factor  is  about  the  same.  Only  two-thirds  of  the  hp  capacity, 
approximately,  or  50  hp  could  be  developed,  because  of  the  excessive 
temperature  rise,  consequent  on  the  large  copper  losses. 

J.  Lozver  Frequency — Table  III  shows  the  performance  of  a 
50  hp,  7  200-alternation  motor,  when  operated  on  50  cycles. 

TABLE  III. 

50  HP— 2  Phase — 200  Volts — 7  200  Alts— 8  Poles. 

7  200  Alts.  6  000  Alts. 

Output,  watts 37  300  37  300 

Speed,  r.p.m 856  713 

Slip,  per  cent 4-8  4.8 

Pull-out 31  37 

Starting  Torque 2.1  2.5 

Real  Efficiency,  per  cent 87.8  87.6 

Power  Factor,  per  cent 93-2  920 

Apparent  Efficiency,  per  cent 81.8  80.7 

Iron  Loss ■ i  100  i  320 

Friction  and  Windage 620  430 

Prim.  Copper 1700  1750 

Sec.   Copper i  880  i  880 

Total   Losses 5  200  5  380 

Real    Input 42  500  42  680 

■Magnetizing,  per  cent 23.6  28.5 

Leakage,  per   cent 12.9  10.9 

Apparent  Input 45  700  46  300 

On  6000  alternations,  the  iron  loss  is  20  per  cent  higher,  due 
to  20  pet  cent  higher  induction  in  the  iron  at  83  per  cent  of  normal 
frequency. 

The  friction  and  windage  losses  (which  vary  approximately  as 
the  square  of  the  speed)  are  30  per  cent  less. 

The  copper  losses  remain  practically  unchanged,  since  the  out- 
put and  voltage  are  the  same. 

The  resulting  efficiency  is  about  the  same  as  that  at  normal  fre- 
quency. 
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The  inagnctizinj:^  current  is  increased  at  the  lii,L(her  induction  ; 
and  the  per  cent  leakage  is  lower  (the  leakage  flux  being  the  same 
for  the  same  current). 

The  resulting  power-factor  is  slightly  lower. 

For  the  same  hp  output  at  83  per  cent  of  rated  speed,  12c 
per  cent  of  normal  torque  is  required.  Since  the  torque  is  propor- 
tional to  the  product  of  the  secondary  flux  and  secondary  current, 
at  I20  per  cent  tlux  the  secondary  current  should  be  the  same  as 
before.  The  latter  varies  with  the  secondary  flux,  and  the  secondary 
frequency;  so  that  the  secondary  frequency  in  r.p.m.  is  83  per  cent, 
i.  e.,  the  slip  is  the  same  in  per  cent  as  before. 

The  pull-out  and  starting  torques  are  both  20  per  cent  greater. 

A  7  200  alternation  motor  can  thus  be  successfully  operated  on 
6  000  alternations  with  about  the  same  efficiency,  slightly  lower 
power-factor,  increased  starting  torque  and  pull-out,  and  the  obvious 
reduction  in  speed. 

On  3  000  alts.,  the  operation  of  a  60-cycle  motor  is  impossible 
at  rated  voltage,  on  account  of  the  high  induction  required  to  pro- 
duce the  necessary  torque  for  the  same  output  and  42  per  cent  normal 
speed.  At  2.4  times  the  normal  density  in  the  iron,  the  iron  loss 
is  approximately  doubled,  and  the  magnetizing  current  would  be 
nearly  as  great  as  the  energy  component  at  the  resulting  high  satura- 
tion. The  resulting  current  would  make  the  copper  losses  prohibi- 
tive.    In  a  word,  the  motor  is  too  small  for  the  torque  required. 

4.  Higher  Frequency — On  3  600  alts.,  a  3  ooo-alt.  motor  may 
be  operated  successfully  with  about  the  same  efficiency,  improved 
power-factor;  but  decreased  starting  and  pull-out  torcjues  (Table 
IV). 

The  friction  and  windage  is  about  45  per  cent  higher ;  the  iron 
loss  13  per  cent  lower;  and  the  copper  losses  about  the  same. 

The  decreased  magnetizing  current  (due  to  the  lower  induction) 
raises  the  power-factor  .8  per  cent. 

The  higher  leakage  lowers  the  pull-out  and  starting  torque  about 
17  per  cent. 

The  per  cent  slip  remains  the  same ;  since  the  full-load  torque 
is  83.3  per  cent  of  the  full-load  torque  at  rated  voltage,  and  the  fre- 
quency is  120  per  cent  of  rated  frequency. 

On  7  200  alts.,  or  2.4  times  normal  frequency,  cool  and  efficient 
operation  is  obtained,  but  with  very  poor  starting  and  pull-out 
torques. 
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The  iron  loss  is  approximately  halved  (the  density  in  the  iron 
being  42  per  cent). 

The  friction  and  windage  are  nearly  six  times  as  large. 
The  copper  losses  are  practically  vmchanged. 

TABLE  IV. 

75  HP — 3  Phase — 550  Volts — 6  Poles — 3000  Alts. 

3  000  Alts.  3  600  Alts.  7  200  Alts. 

Output,  watts 56  000  56  000  56  000 

Speed,  r.p.m 478  574  i  148 

Slip,  per   cent 4.3  4-3  4-3 

Pull-out 3.6  3.0  1.5 

Starting  Torque 2.5  1.9  .5 

Real  Efficiency,  per  cent 89.9  89.9  88.1 

Power  Factor,  per  cent 93.3  94.1  92.8 

Apparent  Efficiency,  per  cent.  83.8  84.6  81.8 

Iron    Loss I  100  960  540 

Friction    and    Windage 400  580  2300 

Prim.    Copper 2  300  2  280  2  400 

Sec.  Copper 2  500  2  500  2  500 

Total    Losses 6  300  6  320  7  740 

Real    Input 62300  62300  63700 

IMagnetizing,  per  cent 24.9  20.6  10.2 

Leakage,    per    cent 11. 1  13.2  27.2 

Apparent   Input 66800  66300  68500 

The  power-factor  is  lowered  .5  per  cent  on  account  of  the  high 
leakage ;  although  the  magnetizing  is  only  10.2  per  cent. 

The  low  pull-out  might  result  in  frequent  stalling  on  momen- 
tary over-loads;  and  the  low  starting  torque  might  not  be  sufficient 
for  a  large  friction  load. 

5.  Changes  both  in  Frequency  and  VoUage — From  the  last 
two  examples  of  the  efifect  of  variations  in  the  alternations  of  the 
supply  circuit,  it  is  plain  that  a  certain  change  in  the  voltage  should 
accompany  a  change  in  the  frequency.  The  size  of  a  motor  required 
for  a  given  work  is  governed  by  the  hp  per  100  rpm.,  so  that  if  a 
50-hp,  7  200-alt.  motor  is  to  be  run  on  3000  alts.,  i.  e.,  at  41.7  per 
cent  normal  speed,  the  maximum  output  at  which  the  machine  can 
be  rated,  allowing  the  usual  over-load  margins  of  reserve,  will  be 
about  20  hp.  To  get  approximately  the  same  performance,  how- 
ever, the  voltage  should  be  reduced  in  proportion  to  the  frequency, 
i.  c.,  83.3  instead  of  200  volts.     Table  \'  illustrates  the  case. 

It  will  be  seen  that  although  the  iron  loss  and  friction  losses  are 
low,  the  copper  losses  lower  the  efficiency  considerably.  The  latter 
are  due  to  the  high  slip  (which  for  the  same  torque  varies  directly 
as  the  frequency,  and  inversely  as  the  square  of  the  voltage). 
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TABLE  V. 

50  HP — 2  Phase — 200  Volts — 8  Poles — 7200  Alts. 

'                                                                                                200  V.  83  V. 

7  200  Alts.  3  000  Alts. 

Output,    watts 27  300  15  500 

Speed,    r.p.m 856  2,32 

Slip,   per   cent 4.8  11.5 

Pull-out 3.1  2.75 

Starting  Torque 2.10  1.95 

Real  Efficiency,  per  cent 87.8  77.0 

Power   Factor,   per   cent 93.2  93.6 

Apparent  Efficiency,  per  cent 81.8  72,1 

Iron  Loss i  100  400 

Friction  and  Windage 620  93 

Prim.   Copper i  700  2  160 

Sec.   Copper i  880  2  010 

Total   Losses 5  200  4  660 

Real   Input 42  500  20  160 

Magnetizing,  per   cent 23.6  20.9 

Leakage,  per  cent 12.9  14.6 

Apparent  Input 45  700  21  500 

With  the  same  induction,  the  magnetizing  current  is  the  same 
in  amperes,  but  the  per  cent  is  lower  on  account  of  the  lower  ap- 
parent efficiency. 

The  higher  leakage  reduces  the  pull-out  somewhat. 

The  power-factor  is  about  the  same. 

Then  again,  although  the  losses  can  be  dissipated,  the  tempera- 
ture rise  is  higher,  on  account  of  the  less  effective  ventilation  at  the 
lower  speed. 

As  a  second  instance  of  operation  at  different  voltage  and  fre- 
quency, consider  the  75-hp,  3-phase,  550-volt,  6-pole,  3  000-alt.  mo- 
tor on  7  200  alts.  Here  the  speed  is  nearly  2.5  times  as  great.  If 
it  is  desired  to  keep  the  same  torque  and  raise  the  hp  to  180,  the 
voltage  should  be  changed  in  proportion  to  the  frequency,  i.  e.,  to 
I  320,  to  give  the  same  performance.  If  the  same  horse  pozver  is  de- 
sired the  voltage  should  be  changed  as  the  square  root  of  the  fre- 
quency, or  852  (Table  VI). 

For  the  same  torque,  the  induction  remains  the  same,  so  that 
the  magnetizing  current  is  unchanged  in  amperes  and  per  cent,  since 
the  voltage  is  raised  in  the  same  proportion  as  the  output. 

The  leakage  is  also  the  same,  since  the  induction  and  current 
are  the  same. 

The  copper  losses,  in  watts,  are  very  nearly  the  same. 

The  iron  loss  is  higher,  at  the  higher  frequency;  and  the  fric- 
tion losses  are  nearly  six  times  as  great. 

The  efficiency  is  improved  by  the  small  secondary  copper  losses ; 
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but  the  starting  torque  (which  is  proportional  to  the  sHp)  is  low. 

It  is  seen  from  this  performance  that  the  motor  is  good  for  200 
hp  at  7  200  alts. 

TABLE  VI. 

75  HP— 3  Phase— 550  Volts — 6  Poles— 3  000  Alts. 

550  V.  I  320  V.  852  V. 

3  000  Alts.  7  200  Alts     7  200  Alts. 

Output,    watts 56000  134300  56000 

Speed,    r.p.m 478  i  I75  i  I7S 

Slip,  oer  cent 4-3  2.0  2.0 

Pull-out 3-6  37  3-6 

Starting    Torque 2.5  1.5  1-5 

Real   Efficiency,  per  cent 89.9  93.0  90.8 

Power  Factor,  per  cent 93-3  93-2  93-3 

Apparent  Efficiency,  per  cent.       83.8  86.7  84.8 

Iron  Loss i  100  3000  1300 

Friction    and    Windage 400  2300  2300 

Prim.    Copper 2  300  2  200  940 

Sec.    Copper 2500  2740  i  140 

Total   Losses 6300  10240  5700 

Real    Input 62300  I44  Soo  61700 

Magnetizing,  per  cent 24.9  25.7  25.1 

Leakage,  per  cent 11. i  10.8  11. o 

Apparent   Input 66800  155000  66200 

For  the  same  horse  pozver,  the  magnetizing  and  leakage  are  the 
same,  since  both  the  current  and  the  induction  are  35  per  cent  lower. 
The  copper  losses  are  lowered,  and  the  iron  loss  is  raised.  The  effi- 
ciency is  about  I  per  cent  higher ;  the  power-factor  and  pull-out  about 
the  same ;  but  the  starting  torque  is  lowered  by  the  small  slip. 
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A  CHART  FOR  USE  IN  MAGNET  DESIGN 

L.  1-,  HOWARD 

N  DESIGNING  electromagnets  for  different  conditions  it  is 

often  necessary  to  change  the  size  of  the  wire  with  whicli 

a  given  electromagnet  has  been  wound  and  to  know  the 
voltage  which  would  be  required  to  give  the  same  number  of 
ampere-turns  with  the  new  winding.  The  reverse  conditions  are 
also  often  encountered. 

The  chart  shown  in  Fig.  i  was  designed  to  give  a  quick  and 
convenient  means  of  obtaining  the  size  of  wire,  or  voltage,  in 
either  of  the  above  cases. 

The  principle  of  its  construction  will  be  understood  from 
a  consideration  of  the  following  statements : 

If  an  electromagnet  has  one  turn  of  wire  of  a  given  size,  and 
a  certain  voltage  is  applied,  the  ampere-turns  will  be  equal  nu- 
merically to  the  number  of  amperes  flowing  or  the  applied  volt- 
age divided  by  the  resistance  of  the  wire.  If  the  number  of  turns 
is  varied,  keeping  the  mean  length  of  turn  and  voltage  constant, 
the  resistance  of  the  winding  will  increase,  and  the  amperes  de- 
crease in  proportion  to  the  number  of  turns.  Consequently  the 
ampere-turns  will  remain  constant. 

If  we  substitute  for  the  one  turn  first  taken,  one  turn  of  an- 
other size,  then  in  order  to  get  the  same  number  of  amperes 
flowing,  and  hence  the  same  ampere-turns,  we  must  vary  the 
voltage  in  direct  proportion  to  the  ratio  of  the  resistance  per 
unit  length  of  the  two  sizes,  or  wdiat  is  the  equivalent,  in  the 
inverse  ratio  of  their  areas  as  expressed  in  circular  mils. 

The  chart  is  designed  primarily  to  obtain  this  ratio.  It  is 
divided  vertically  by  lines  corresponding  to  the  divisions  of  the 
ordinary  slide  rule,  i.  e.,  the  numbers  on  the  lowest  horizontal 
line  are  located  at  distances  from  the  left-hand  end  of  the  scale 
corresponding  to   the    mantissae   of   their   logarithms. 

Just  above  the  horizontal  line  C.  M.  are  numbers  repre- 
senting the  B.  &  S.  sizes  from  lo  to  29  inclusive,  placed  opposite 
the  sequence  of  figures,  as  read  on  the  lowest  line,  which  express 
their  area  in  circular  mils.  The  figures  below^  the  line  C.  M. 
are  the  characteristics  of  the  logarithms  of  the  circular  mils  of  the 
sizes  opposite  wdiich  they  stand. 
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In  a  similar  manner  arc  plotted  the  theoretical  ohms  per 
cubic  inch  for  single  cotton,  single  silk,  and  double  cotton  cov- 
ered wires  for  the  B.  &  S.  sizes  most  commonly  used,  five-mil  in- 
sulation being  assumed  for  the  single  cotton,  two  mils  for  sizes 
24  to  31  inclusive,  and  one  and  three-fourths  mils  for  sizes  32  to 
36  inclusive  for  the  single  silk,  ten  mils  for  sizes  10  to  12  inclu- 
sive and  nine  mils  for  sizes  13  to  32  inclusive  for  the  double  cot- 
ton.    About  one  per  cent,  allowance  is  made  for  over-size. 

As  an  example  of  the  use  of  the  chart,  assume  that  a  magnet 
is  wound  with  No.  12  B.  &  S.  wire  and  operates  on  112  volts, 
and  it  is  desired  to  find  the  voltage  required  if  the  magnet  is  re- 
wound with  No.  25.  On  the  line  C.  M.  take  the  distance  between 
the  figures  12  and  25  with  a  pair  of  dividers  or  pencil 
and  paper.  Beginning  at  the  left,  lay  ofif  this  distance  on  the 
lowest  line  and  we  get  20.4,  the  ratio  of  voltage  required  to  given 
voltage;  or,  lay  the  distance  off  to  the  right  of  112  and  read  the 
required  voltage,  2  280,  direct.  The  difference  between  the  char- 
acteristics opposite  25  and  12  added  to  the  characteristic  of  the 
logarithm  of  112  determines  the  number  of  figures  to  the  left 
of  the  decimal  point. 

In  the  above  example,  the  larger  size  wire  No.  12,  lay  to 
the  right  of  the  smaller.  If  No.  18  had  been  assumed  instead  of 
No.  12,  the  reverse  would  have  been  true,  and  we  would  have  laid 
off  the  distance  between  No.  18  and  No.  25  to  the  left  of  ten  on 
the  lowest  line,  obtaining  the  ratio  5.07.  If  the  new  voltage  is  re- 
quired direct,  it  would  be  obtained  by  laying  off  to  the  left  of 
10  on  the  lowest  line  the  difference  between  the  distance  as  taken 
on  line  C.  M.  and  distance  o  to  112  on  the  lowest  line,  the  result 
being  568. 

The  ratio  of  the  resistances  of  the  two  windings,  assuming 
the  same  winding  space  is  used,  is  found  by  laying  off  on  the 
lowest  line  the  horizontal  distance  between  the  sizes  on  the 
lines  marked  for  the  corresponding  insulation,  paying  proper  at- 
tention, of  course,  to  the  characteristics. 

If  the  resistance  of  the  magnet  in  the  first  example  is  2)^ 
ohms,  and  the  winding  No.  12  double  cotton  covered  wire,  and 
it  is  desired  to  use  single  silk  insulation  on  the  No.  25  wire,  the 
resistance  of  the  new  winding  would  be  found  as  follows : 

Place  one  point  of  the  dividers  on  the  line  D.  C.  opposite  the 
figure  12  just  above  the  line.  Place  the  other  point  of  the  di- 
viders on  the  sam.e  line  at  its  intersection  with  a  vertical  line 
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which  would  pass  through  the  point  just  under  the  figure  25  on 
the  Hue  S.  S.  This  distance  laid  off  to  the  right  from  the  left- 
hand  end  of  tlie  lowest  line  will  bring  the  right-hand  point  of 
the  dividers  on  the  sequence  of  figures  2)73-  The  difference  of 
the  characteristics  is  2,  and  this  increased  by  i  gives  the  number 
of  places  to  the  left  of  the  decimal  point,  the  required  ratio  being 

373- 

The  diameter  in  mils  of  any  size  on  the  chart  can  be  ob- 
tained by  laying  off  on  the  lower  line  one-half  of  the  abscissa  on 
the  line  C.  M.,  laying  it  off  to  the  right  of  O  when  the  charac- 
teristic for  the  size  is  even  and  to  the  right  of  the  mark  at  ^16 
when  it  is  odd. 

For  example :  Required  the  diameter  in  mils  of  No.  25. 
Take  half  the  distance  from  o  to  25  on  the  line  C.  M.  and  lay  it 
off  to  the  right  of  o  on  the  lowest  line.  The  right-hand  point  of 
the  dividers  will  rest  on  the  sequence  of  figures  179.  The  char- 
acteristic opposite  25  is  2.  Dividing  this  by  2  we  get  i,  which 
increased  by  i  determines  that  there  will  be  two  places  of  figures 
to  the  left  of  the  decimal  point,  i.  e.,  17.9  is  the  diameter  in  mils 
required.  If  we  had  wished  to  find  the  diameter  of  No.  18,  op- 
posite which  is  the  odd  characteristic  3,  we  should  have  taken 
half  the  distance  between  o  and  18  on  the  line  C.  M.  as  before, 
but  should  have  laid  it  off  on  the  lowest  line  to  the  right  of  j./d, 
obtaining  the  sequence  of  figures  403.  In  determining  the  num- 
ber of  places  to  the  left  of  the  decimal  point  we  divide  the  char- 
acteristic opposite  18  by  2,  and  increasing  the  integral  part  of  the 
dividend  by  i  as  before,  we  get  40.3.  the  required  diameter. 

This  chart  could  be  extended,  of  course,  to  apply  to  larger 
sizes  of  conductors,  such  as  are  used  for  large  field  magnets. 
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POINTS  ON  CENTRAL  STATION  WIRING 

W.  BARNES,  JR. 

N  all  electrical  installations  the  power  cables  running  from 
the  generator  to  the  switchboard,  the  connection  that  is  made 
to  the  terminal  board  on  the  generator  and  to  the  stud  on  the 
controlling  switch  and  circuit  breaker,  are  of  more  importance 
than  any  other  part  of  the  station  wiring.  Should  a  break- 
down occur  at  any  of  the  above-mentioned  places  it  has  a 
great  eiTect  on  the  total  output  of  the  plant.  If  it 
is  not  possible  to  cut  out  a  unit  for  a  short  time  and 
let  the  load  be  carried  on  the  balance  of  the  generators,  the 
result  will  soon  be  felt  over  the  entire  system.  As  trouble  from 
faulty  connections  will  only  show  up  when  the  plant  is  running 
at  its  maximum  load  and  when  the  power  is  needed  the  most, 
it  is  of  greatest  importance  that  the  work  of  connecting  up  the 
power  cables  be  done  m  a  manner  that  will  leaA^e  no  room  for 
doubt  as  to  their  behavior  under  heavy  overloads. 

In  soldering  large  or  small  terminals  to  cables  a  few  points 
are  well  worth  remembering  to  obtain  the  best  results.  Ter- 
minals should  be  well  tinned  inside  before  using.  A  good  way 
to  do  this  is  to  put  the  terminal  in  a  pot  of  hot  solder  until  it  is 
well  heated,  then  withdraw  the  terminal  and  apply  the  acid  or 
soldering  paste  to  the  parts  to  be  tinned,  and  then  fill  the  ter- 
minal with  hot  solder  and  pour  out  immediately.  This  will 
almost  always  insure  a  good  job  of  tinning.  If  it  does  not, 
repeat  the  operation  being  careful  that  the  acid  and  soldering 
paste  does  not  touch  any  part  of  the  terminal  other  than  that 
which  is  to  be  tinned.  If  the  terminal  in  question  is  too  large 
to  be  submerged  in  a  pot  of  solder,  good  results  can  be  obtained 
by  heating  the  terminal,  applying  the  acid  or  soldering  paste 
and  then  rubbing  the  inside  of  the  terminal  with  "stick"  or  "wire" 
solder.  A  terminal  should  never  be  used  until  all  of  the  inside 
is  well  coated  with  solder. 

Cables  as  well  as  terminals  should  have  their  ends  tinned  be- 
fore using.  Perhaps  the  best  and  quickest  way  to  do  this  is  to  dip 
the  end  of  the  cable  in  the  acid  or  rub  well  with  soldering  paste, 
then  dip  the  cable  in  a  pot  of  hot  solder.  Should  any  of  the 
end   of   the    cable   remain   untinned,   repeat   the   operation    until 
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there  can  be  no  room  for  any  doubt  as  to  a  good  job,  shaking  off 
any  solder  that  may  cling  to  the  cable. 

The  proper  location  of  cables  is  very  important.  Cables  should 
be  kept  as  far  as  possible  from  steam  pipes  or  where  there  is  es- 
caping steam  or  leaking  water  pipes.  Excessive  heat  will  rot 
the  insulation  and  also  leave  the  cables  in  such  shape  that 
they  are  a  danger  to  men  making  repairs  on  any  part  of  the 
power  hotise  equipment  located  near  the  cables.  Water  is  a 
^  ,,  bad  thing  near  cables,  as  there 

is  always  a  chance  of  getting 
a  ground  due  to  "surface 
leakage."  The  above  points 
apply  more  to  cables  which 
are  supported  by  iron  or 
wooden  brackets  than  to  ca- 
bles which  are  run  in  clay  or 
iron  conduit. 

The  principal  points  to  re- 
member in  case  the  cables  are 
run  in  conduit  are  to  see  that 
there  are  no  bad  joints  where 
water  or  any  foreign  matter 
may  enter ;  also,  that  there 
are  no  bin-rs  in  the  conduit 
where  the  pieces  are  joined 
together.  The  best  time  to 
take  ofif  any  burrs  that  may 
be  left  after  a  pipe  is  cut,  is 
before  the  pipe  is  removed 
from  the  vise. 

We  have  considered  briefly 
the  importance  of  the  wiring, 
FIG.  I— SHOWING  METHOD  OF  CONNECTING    nictliod    of    tinuiug    terminals 

CABLES   TO    SWITCHBOARD.  ,         ,  ,  ,         .  i    "  i  ,  •  r 

and  cables,  also  the  location  or 
the  cables  and  a  few  points  to  watch  when  conduit  is  used.  Let  us 
now  assume  that  we  haxc  the  cables  in  place  and  tinned  ready 
to  solder  the  terminals  to  the  cable  and  fasten  them  to  the  circuit 
breaker  or  switch  stud.  One  thing  to  watch  is  to  see  that  the 
cables  coming  from  the  conduit  or  l:>racket  hangers  ha\e  the 
same  amount  of  slack  in  them,  so  that  when  they  are  soldered 
and  fastened  in  place  they  will  all  be  in  lin?.     The  safest  way 
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to  accomplish  this  is  to  solder  the  terminal  which  is  to  be  nearest 
the  switchboard  and  on  the  lowest  stud  first.  As  for  example 
in  Fig.  I,  terminal  No.  i  should  be  put  on  first.  Then  Nos.  2, 
3  and  4.  If  possible  they  should  be  soldered  and  put  in  place 
one  at  a  time.  That  is,  do  not  try  to  cut  all  the  cables  to  just 
the  right  length  without  having  any  of  them  soldered  in  place. 
Great  care  should  be  taken  that  there  are  no  nicks  or  burrs  on 
the  nuts  for  the  studs,  and  that  they  are  well  cleaned  with 
emery  cloth  and  wiped  with  a  dry  piece  of  waste  before  being 
run  on  the  stud.  A  good  way  to  clean  the  contact  surface  of 
a  nut  or  terminal  is  to  wrap  emery  cloth  over  a  block  of  wood 
large  enough  to  be  gripped  by  the  hand  and  rub  the  terminals 
Well ;  or  lay  a  full  size  piece  of  emery  cloth  on  a  board  and  rub 
the  terminal  or  nut  on  it.  If  the  emery  cloth  is  held  in  the 
hand,  there  is  a  tendency  to  rub  ofif  the  surface  at  the  edges 
and  thus  loose  part  of  the  contact  surface.  If  possible,  the 
hands  should  not  come  in  touch  with  the  contact  surface  after 
the  nut  has  been  rubbed  with  emery  cloth  and  wiped  with  a 
dry  piece  of  waste.  This  last  is  a  precaution  one  would  hardly 
think  necessary  but,  as  the  workmen's  hands  at  this  time  are 
apt  to  be  very  dirty  and  greasy,  it  is  best  to  take  this  pre- 
caution to  insure  a  clean  contact.  Wherever  possible,  a  ter- 
minal should  be  placed  upside  down  when  it  is  ready  for  the 
cable  to  be  soldered  into  it,  as  shown  in  Fig.  i  terminal  No.  5. 
Heat  the  terminal  well  and  have  it  one-half  or  two-thirds  full 
of  hot  solder.  Then  insert  the  cable  slowly,  keeping  a  torch 
applied  to  the  terminal.  If  possible,  the  end  of  the  cable  should 
be  heated  first  in  a  pot  of  hot  solder  until  it  is  up  to  the  tem- 
perature of  the  solder  before  placing  in  the  terminal.  If  the 
stud  is  near  the  floor  and  the  shortness  of  the  cable  w^ill  not 
allow  it  to  be  bent  back,  the  cable  should  be  pulled  back  in 
the  cellar  and  terminal  put  on  there.  If  it  is  a  job  where  conduit 
is  used  and  the  cable  can  be  pulled  back  far  enough  to  alloAv 
for  this,  it  should  be  done.  If  there  is  no  way  of  soldering  the 
terminal  while  upside  down,  then  drill  a  small  hole  through  the 
upper  part  of  the  terminal,  place  the  terminal  in  position  on  the 
cable,  wrap  the  terminal  and  cable  well  with  tape  and  pour  the 
solder  in  through  the  hole  in  the  top  of  the  terminal,  keeping  a 
torch  on  the  top  of  the  terminal  until  you  are  sure  that  the  solder 
has  had  a  chance  to  work  its  way  all  through  the  cable.  The 
objection  to  this  method  is  that  one  never  kUQws  when  the  Qaibte 
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and  terminal  are  well  filled  with  solder,  for  when  one  thinks  he 
has  it  well  filled,  he  generally  finds  the  solder  running  out 
through  the  tape  onto  the  floor.  One  other  point  to  watch  when 
the  terminal  is  soldered  to  the  cable  and  it  is  ready  to  put  in 
place,  is  to  see  that  it  goes  on  the  stud  so  as  to  have  the  contact 
surface  of  the  terminal  parallel  with  the  con- 
tact surface  of  the  nut.  Note  in  Fig.  i  termi- 
nal No.  6  should  be  straightened  up  before 
going  on  the  stud.  If  this  point  is  carried  out, 
it  will  insure  perfect  threads  and  no  undue 
strain  on  the  marble  panel  when  the  nut  is 
tightened  up. 

Fig.  2  shows  a  machine  terminal  with  four 
Pjg  2  cables  soldered  in  it  at  the  same  time.     In  case 

of  heavy  work,  where  more  than  one  cable  is 
is  to  be  soldered  into  the  terminal  and  where  the  terminal  is  to  be 
turned  upside  down,  it  is  best  to  take  one  cable  at  a  time.  Cut  it  the 
right  length  and  place  in  the  position  it  will  be  when  finished.  Hold 
the  cable  in  place  by  wrapping  bare  wire  around  the  cable  and  ter- 
minal and  tieing  them  together.  Do  this  with  each  cable  and  as 
soon  as  they  are  all  in  place,  tie  them  together  and  tie  to  the  terminal. 
On  a  set  of  four  large  cables,  it  will  re- 
quire a  good  deal  of  binding  wire  to  hold 
the  cable  in  place  so  that  the  terminal 
can  be  turned  over  without  having  the 
cables  get  out  of  position. 

After  the  cables  and  terminal  have 
been  properly  tinned  and  tied  together 
and  the  terminal  is  upside  down,  heat 
the  terminal  well  with  a  torch  (several 
will  be  required  if  the  terminal  is  a  large 
one),  and  then  pour  in  the  solder,  giving 
it  a  chance  to  settle  and  shrink.  Keep 
pouring  in  the  solder  until  you  are  sure 
it  has  worked  its  way  to  the  bottom  of 
the  terminal,  all  through  the  cable  and  is 
flush  with  the  top  of  the  terminal.  In 
this  way  one  can  be  assured  that,  if  the  terminals  and  cables  were 
properly  tinned,  there  will  be  no  trouble  with  the  terminal  carrying 
its  load,  provided  the  terminal  itself  and  the  cable  are  large  enough. 
When  placing  the  terminals  on  the  terminal  board,  care  should  be 


FIG.   3 


416 


Tiin  nincTRic  journat. 


taken  to  sec  that  the  contact  surface  of  the  terminals  are  parallel  to 
the  contacc  surface  of  the  machhie,  so  as  not  to  allow  any  twisting 
strain  on  the  marble  or  slate  terminal  slab.  Often  on  a  job 
of  wirinc;-  in  central  station  work,  the  engineer  has  to  get  his 
cables  in  as  best  he  can,  and  is  unable  to  take  the  time  to  buy 
any  of  the  special  insulators  and  insulator  brackets  that  are 
manufactured  for  heavy  central  station  wiring.  P'ig.  3  is  a  good 
example  of  what  can  be  made  for  a  hanger  for  cables  where  one 
has  to  depend  on  his  own  sketches  and  a  small  blacksmith  shop 

in  which  to  do  the  work.  This  style 
of  bracket  or  hanger  is  so  simple  that 
it  will  need  no  explanation.  The  size 
of  the  material  used  depends  on  the 
number  and  size  of  cables  used  and  the 
spacing  of  brackets  or  hangers.  In 
case  braces  are  to  be  fastened  to  a 
wooden  frame  work,  the  top  can  be 
changed  to  suit  conditions.  For  run- 
ning cables  along  a  brick  wall,  an  ar- 
rangement such  as  shown  in  Fig.  4  can  be  used.  All  that  is  required 
in  this  case  are  the  necessary  expansion  bolts  and  blocks  of  hard 
wood.  The  size  of  bolts  and  wooden  blocks  depends  on  the  size  and 
number  of  cables  used.  Wooden  blocks  should  have  two  or 
three  coats  of  insulating  paint  or  varnish  before  being  put  in 
])lace. 


FIG.   4 
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J.  W.  SWEENEY 
UNLOADING    A    LARGE    ROTOR 

A  SHORT  time  ago  a  6  600  kw  alternator  was  to  be  in- 
stalled in  a  certain  power  plant.  The  weight  of  the  re- 
volving field  was  42  tons.  The  field  was  shipped  on  a 
flat  car  which  had  an  opening  or  well  in  the  middle,  thus  allow- 
ing the  bottom  of  the  field  to  come  about  three  and  one-half 
feet  below  the  surface  of  the  car.     In  order  to  unload  the  field  b}^ 


FIG.    I — UNLOADING    A   42-TON    ROTOR 

ordinary  methods  it  would  obviously  be  necessary  to  raise  the 
field  about  three  and  one-half  feet  in  order  to  clear  the  car.  This 
would  invoKe  the  erection  of  powerful  hoisting  apparatus, 
which  would  have  been  quite  an  undertaking.  L'onsequenilx', 
the  car  was  unloaded  from  the  liold  by  lifting  one  end  of  the 
car  from  its  truck  so  that  the  licld  could  Itc  rolled  out  ivon\  l)e- 
neath  the  car.  The  tiold  was  thirteen  and  due-lialf  feet  in  diam- 
eter. The  method  of  procedure  is  shewn  in  i'ig.  i.  The  plan 
worked  smoothly   and   easily   without   a   mishap. 
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'i'hc  field  was  afterward  turned  over  on  its  side,  and  slid  sev- 
eral hundred  feet  down  an  incline.  This  incline  was  as  steep  as 
forty-five  degrees  in  some  places.  The  particular  difficulty  in  this 
undertaking  was  figuring  out  how  to  handle  the  job,  the  carry- 
ing out  of  the  work  was  comparatively  easy. 

When  the  apparatus  reached  the  power  house  it  was  handled 
in  the  ordinary  way  by  a  large  crane. 


W.  G.  McCONNON 
EXCITER   SPEED   TOO   LOW 

The  writer  recalls  a  very  urgent  and  hurried  trip  he  made  to 
Texas  some  time  ago  to  look  after  a  complaint  that  under  load 
a  certain  machine  would  not  hold  up  voltage.  This  was  mani- 
festly the  case  when  a  trial  of  the  machine  under  load  was  made. 
On  investigation  it  was  found  that  the  exciter  was  not  running 
up  to  speed  and  hence  not  giving  the  normal  field  current.  A 
temporary  wooden  pulley  was  made  for  the  exciter  of  a  size  to 
give  proper  speed,  and  no  further  trouble  was  experienced. 

FIELD    COILS    INTERCHANGED 

Quite  recently  a  very  serious  complaint  was  made  that  a 
new  75  kw  two-phase  generator  would  not  generate,  and  the 
armature  coils  were  short-circuited,  two  conditions  which,  if 
true,  most  road  men  would  be  most  thankful  to  knovv^  might  exist 
simultaneously.  An  examination  of  the  machine  indicated  some- 
thing wrong  with  the  field  coils.  The  owner  of  the  plant  had 
installed  the  machine  himself,  and  had  placed  No..  6  coil  in 
place  of  No.  9  coil.  This  may  seem  to  be  a  very  radical  mistake, 
but  we  can  feel  some  sympathy  for  the  man  who  makes  it.  He 
had  evidently  never  been  instructed  that  a  —  on  one  side  of  a 
certain  character  means  one  number  and  the  same  —  on  the 
other  side  means  something  else.  After  changing  the  coils  to 
the  proper  poles,  the  machine  worked  entirely  satisfactorily. 
The  short-circuited  armature  was  evidently  a  matter  of  imagina- 
tion. 

A    WRONG    ADJUSTMENT    OF   THE    SERIES    SHUNT 

The  two  cases  just  mentioned  indicate  that  it  is  not  neces- 
sary to  assume  in  all  cases  that  deep  and  impenetrable  mystery 
exists  in  all  trouble  cases  just  because  the  correspondence  indi- 
cates as  much.  A  case  which  illustrates  rather  hasty  and  incom- 
plete work  on  the  part  of  the  road  man,  probably  a  relatively  in- 
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experienced  man,  was  recently  called  to  the  writer's  attention. 
A  direct-current  railway  generator  of  about  300  kw  capacity, 
which  was  getting  excellent  care  generally,  would  get  to  spark- 
ing so  badly  that  in  a  short  time  the  commutator  would  be  in 
such  shape  as  to  necessitate  turning  it  ofif.  After  this  had 
happened  a  number  of  times  a  man  was  sent  to  investigate  the 
trouble.  It  was  found  that  the  machine  had  an  unusual  over- 
compounding  efifect,  due  to  the  series  winding,  and  as  the  volt- 
age on  the  line  had  to  be  limited  to  550  volts,  the  shunt  field  was 
made  very  weak,  the  result  being  that  the  machine  voltage 
dropped  very  low  when  no  load  was  on,  but  went  to  full  voltage 
when  load  was  applied.  The  efifect  of  the  great  change  of  the 
voltage  was  to  start  sparking  at  the  brushes.  While  this  did 
not  appear  very  serious  on  a  new  and  smooth  commutator,  it 
would  soon  become  so  bad  that  the  commutator  would  be  beyond 
control  of  the  station  man.  The  remedy  was,  of  course,  to 
shunt  the  series  field  windings  until  the  machine  would  work  at 
constant  voltage  at  all  loads.  The  men  who  erected  this  machine 
probably  obtained  very  satisfactory  results  when  running  with- 
out load,  with  a  certain  field  strength  due  to  setting  his  field 
rheostat  at  a  certain  point,  and  he  also  probably  obtained  equally 
satisfactory  results  with  some  other  position  of  rheostat  when 
running  under  load,  but  he  failed  to  note  that  the  operating  con- 
ditions on  his  machine  and  field  rheostat,  which  would  neces- 
sarily have  to  remain  constant  in  service,  were  not  the  same  in 
the  two  cases.  It  is  never  safe  to  assume  that  because  a  machine 
works  entirely  satisfactorily  at  one  load,  it  will  do  so  at  all  other 
loads.  The  only  safe  test  is  to  set  the  rheostat  for  the  voltage 
required,  and  then  run  the  machine  up  and  down  the  range  of 
load  several  times,  and  watch  results  closely.  A  water  rheo- 
stat made  of  a  few  barrels  fitted  up  with  iron  plates  and  salt 
water  will  give  a  ready  means  of  getting  a  sufiicient  load  for. 
testing. 

MOISTURE    IN    TRANSFORMERS 

Probably  tiiere  is  nothing  for  which  a  road  man  must  be 
more  on  his  guard  than  to  prevent  moisture  getting  into  high- 
tension  transformers.  The  writer,  during  the  last  few  weeks,  has 
been  called  upon  to  investigate  the  failure  of  two  i  500  kw.  2  200 
volt  transformers  which  gave  out  simultaneously  when  working 
on  a  relatively  light  load.  In  this  case  three  transformers  were 
working  in  delta  connection  and  so  far  as  known  no  switching 
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was  being  clone  on  the  line  at  the  time  of  failure  and  no  known  dis-' 
turbance  took  place  previous  to  the  break-down.  While  no 
direct  cause  could  be  found  for  the  break-down  occurring  at 
the  time  it  did,  it  was  found  that  there  was  moisture  in  the  oil 
and  insulation.  It  was  said  that  at  the  time  the  transformers 
were  put  in  service,  the  cases  were  not  cleaned,  and  it  is  thought 
that  rain  had  gotten  into  the  cases.  Some  of  the  cases  may  have 
been  left  open  and  collected  water  from  rain  at  the  plant.  What- 
ever the  cause  of  so  much  moisture,  it  indicates  that  not  suffi- 
cient care  was  taken  to  ascertain  that  no  moisture  was  present 
when  the  transformers  were  set  up.  Out  of  the  fourteen  trans- 
formers, six  had  been  injured  apparently  from  the  same  cause. 
Moisture  may  get  into  the  transformers  in  some  other  un- 
expected ways.  The  writer  some  time  ago  received  six  oil-insu- 
lated, water-cooled  transformers  for  a  large  plant  in  the  west 
which  he  was  erecting.  These  arrived  late  in  the  season  after 
cold  weather  had  begun.  Three  transformers  were  to  be  gotten 
ready  for  service  first.  The  first  one  of  these  had  been  placed  in 
its  case  and  the  cover  and  cooling  coil  had  been  put  in  position. 
While  the  covers  and  cooling  coils  of  the  other  transformers 
were  on  the  station  floor,  it  was  noticed  that  water  was  dripping 
from  one  of  the  coils.  An  investigation  showed  that  the  brass 
pipes  in  this  set  of  cooling  coils  contained  water.  This  had 
frozen  in  coming  over  the  mountains  and  cracked  the  brass 
pipe  in  several  places.  A  further  investigation  showed  three 
cooling  coils  out  of  the  six  were  damaged  by  the  water  freezing 
in  them  and  splitting  the  pipes.  It  was  rather  fortunate  that  this 
condition  of  affairs  was  discovered  before  the  coils  were  placed 
in  their  cases.  In  repairing  these  coils  it  was  necessary  to  re- 
move the  brass  cooling  pipes  from  the  covers  and  separate  the 
turns  of  the  coils  as  far  as  possible  and  repair  each  pipe  by 
itself.  The  repairs  consisted  in  wrapping  the  pipe  wherever  it 
was  split  with  soft  copper  wire,  and  then  carefully  soldering  the 
wrapped  portion.  After  repairing  in  this  manner  a  pressure 
gauge  and  force  pump  were  obtained  and  the  coils  put  under  air 
pressure.  When  they  held  the  pressure  for  a  reasonable  length 
of  time  they  were  passed  as  safe. 
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In  connection  with  the  article  by  INIr.  Wiley  on  the 
Motors  I  500-hp  motors  lately  installed  in  Roll  Mill  No.  3 

in  Steel  at  the  Edgar  Thompson  Steel  Works,  it  is  interest- 

Mills  ing  to  note  the  progress  of  electric  power  develop- 

ment for  steel  mill  service  which  has  all  taken  place 
in  the  last  fourteen  or  fifteen  years.  Between  fourteen  and  fifteen 
years  ago  the  first  installation  of  electric  power  for  use  in  steel  mill 
work  was  made  in  one  of  the  mills  of  the  Pittsburgh  district.  The 
original  purchase  consisted  of  a  75-kw  belt  driven  generator  and  a 
few  small  motors.  The  success  of  this  equipment  was  such  that  it 
was  very  shortly  supplanted  by  two  187.5-kw  belt  driven  generators. 
Within  about  five  years  from  the  date  of  the  original  installation 
two  400-kw  engine  driven  generators  were  added  to  the  installation  ; 
within  two  or  three  years  thereafter  two  800-kw  engine  driven  gen- 
erators, and  still  later  two  i  500-kw  generators  were  added  ;  and 
when  the  other  apparatus  now  arranged  for  is  installed  the  plant 
will  have  a  capacity  fully  one  hundred  times  that  of  the  original 
installation,   made  only  a'jout   fourteen   years  ago. 

.As  would  naturally  be  expected  the  growth  in  the  amount  of 
electric  power  used  has  been  largely  due  to  a  broader  scope  of  pur- 
poses for  which  it  has  been  employed.  .\t  first  motors  were  looked 
upon  as  a  means  to  an  end  for  sui)plying  such  minor  power  as  was 
re(|uirc(l  at  i)oints  where  steam  was  not  available,  i.  e.,  for  certain 
small  C()iive\ing  tables  and  a  few  traveling  cranes,  the  steam  engine 
'receiving  the  preference  where  steam  could  be  obtained  and  the 
engine  made  to  do  the  work.  The  motors,  however,  gradually 
])roved  to  be  the  more  re!ial)le,  and  not  oiil\-  more  reliable  Init  \-astly 
more  economical. 

•Additional  uses  were  rapidly  found  for  electric  motors  in  con- 
nection with  steel  mill  work.  All  conveying  tables  were  gradually 
equipped  with  motors.  Shop  cranes  and  yard  cranes  were  added. 
Engine  driven  shears  were  thrown  out  and  electrically  driven  shears 
substituted.  Electrically  driven  charging  machines  superseded  hand 
charging,  until  at  the  present  time  nearly  every  modern  steel  mill 
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uses  electrical  power  for  all  (.pcratimis  except  for  driviiij^  the  main 
rolls. 

The  step  taken  by  the  ICdi^ar  'J'honipstjii  Works  in  installing  the 
two  I  500-hp  motors  referred  to  by  Mr.  Wiley  is  possibly  the  initia- 
tive in  the  final  supplanting-  of  direct  steam  power  by  electric  motors 
for  steel  mill  operation. 

It  is  perhaps  not  generally  known  that  if  all  of  the  heat  energy 
represented  by  the  coke  or  fuel  consumed  in  the  blast  furnaces  could 
be  utilized,  sufficient  mechanical  ])ower  could  be  had  from  it  to  man- 
ufacture the  iron  produced  by  such  furnaces  into  merchant  shapes. 
At  the  present  time  certain  mills  are  recovering  part  of  the  waste 
fuel  from  their  blast  furnaces,  which  is  given  ofT  from  the  furnaces 
as  a  very  low  grade  gas,  by  burning  it  under  steam  boilers,  using 
the  steam  generated  for  the  operation  of  their  electric  generators, 
blowing  engines,  rolling  mill  engines,  etc.  Even  with  the  low  econ- 
omy of  the  steam  engine  there  is  one  mill  with  which  we  are  ac- 
quainted which  does  nearly  its  entire  manufacturing  process  with 
power  so  obtained. 

With  the  advent  of  the  modern  large-sized  gas  engine  and  the 
application  of  large  electric  motors  for  roll  driving  a  still  more  rapid 
development  of  electric  power  in  connection  with  roll  mill  work 
may,  we  believe,  reasonably  be  expected  within  the  next  few  years. 
With  the  increased  economy  of  the  gas  engine  over  its  steam  pred- 
ecessor the  waste  blast  furnace  gases  will  be  able  to  furnish  all  the 
electric  power  required  for  the  carrying  out  of  the  operations  inci- 
dental to  the  manufacture  of  the  finished  iron  and  steel  product 
through  the  use  of  electric  motors.  C.  S.  Cook 


The  Spokane  and  Inland  Railway,  described  by  Mr. 

A  New  Ingersoll  in  this  issue  of  the  Journal,  is  fortunate 

Single-Phase   iii  being  unhampered  in  the  selection  of  apparatus 

Railway  'Hk^  methods  of    operation  by  a    large  investment 

already  tied  up  in  equipment  on  hand,  and  hence  a 

fair  comparison  of  the  various  methods  proposed  could  be  made 

without  the  necessity  of  taking  into  account  any  policies  that  had 

been  pursued  in  the  past.     The  company  was  at  liberty  to  choose 

the  system  that  was  in  every  way  most  desirable.     This  road  is  one 

of  the  first,  of  a  size  to  compare  with  steam  roads,  to  be  initially 

operated  entirely  by  electric  power.     It  is  not  only  of  steam  road 

size,  but  it  covers  exactly  the  same  field.     It  proposes  to  carry  mail 

and  express  and  to  go  into  light  and  heavy  freight  business,  as 
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well  as  high-speed  passenger  service.  It  covers  a  territory  hitherto 
unoccupied  and  one  that  is  rapidly  developing.  It  makes  direct 
connection  at  its  terminals  with  the  great  transcontinental  roads  of 
the  Northwest. 

The  officials  of  the  company  from  the  very  first  seemed  to  favor 
electric  rather  than  steam  operation,  and  also  a  complete  electric 
system  rather  than  the  use  of  a  mixed  service.  As  to  the  method 
of  electrical  operation  they  apparently  decided  the  case  on  its  merits 
after  a  consideration  of  the  different  methods  proposed.  The  pre- 
liminary estimate  given  in  Mr.Ingersoirs  article  shows  in  a  \Q.ry 
striking  way  that  the  single-phase  system,  even  at  this  early  date, 
can  make  a  remarkably  good  showing  on  a  financial  basis,  when 
compared  with  the  standard  long-distance  direct-current  system.  In 
this  case  a  saving  in  initial  investment,  by  the  use  of  the  single-phase 
system,  is  given  of  about  three-quarters  of  a  million  dollars.  As 
there  is  no  question  but  that  the  expense  for  attendance  is  much 
less  for  a  single-phase  system,  it  follows  that  the  sum  of  the  fixed 
and  operating  charges  per  year  must  represent  quite  a  marked  reduc- 
tion over  those  for  the  corresponding  direct-current  system. 

In  addition  to  the  financial  aspect  of  the  proposition  there  arc 
a  number  of  engineering  details  of  interest. 

All  of  the  equipment  is  arranged  for  multiple-unit  operation. 
Locomotives  are  used  for  heavy  freight  service  as  in  steam  practice, 
with  the  additional  advantage  that  any  number  of  locomotives  can 
be  coupled  together  and  operated  by  one  man,  thus  doing  away  with 
the  dangerous  "double  headers"  commonly  used  for  heavy  work  on 
steam  roads.  For  light  freight  and  passenger  service  the  multiple- 
unit  system  makes  it  possible  to  give  more  frequent  service,  as  any 
nuni1)er  of  cars  can  be  run  in  one  train. 

The  fact  that  the  power  companies  of  that  region  generate  only 
60  cycle  power  might  seem  at  first  sight  to  be  rather  unfortunate, 
but  the  manner  of  working  out  the  change  to  the  lower  frequency 
is  very  neat.  The  transformation  ixova  60  cycle  power  to  the  25 
cycle  current  for  use  in  the  single-phase  motors  is  made  by  fre- 
(|ucncy  changing  sets.  Advantage  is  taken  of  the  change  to  atUl  to 
each  set  a  500  volt  direct-current  machine.  These  are  mounted  on 
the  same  bases  and  shafts  with  the  frequency  changers,  and  are 
electrically  connected  to  a  large  storage  batlerv.  In  ojieration  the 
direct-current  machines  act  as  generators  or  motors  depending  on 
conditions  of  the  circuit.  Operating  in  this  way  there  is  quite  an 
interesting  set  of  changes  of  energy  fr^ni  water  prnver  at  the  gen- 
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erating-  station  to  motive  power  on  the  cars  and  locomotives.  Start- 
ing with  ])ovver  dcHvered  by  the  turbines^  electrical  energy  is  gener- 
ated in  tlu'  form  of  60  cycle,  4000  volt,  three-phase  current.  This 
is  delivered  to  the  railway  company  and  used  in  the  frecjuency 
chanj^ers  where  it  is  converted  into  mechanical  energy  which  runs 
the  single-phase  2  200  volt,  25  cycle  generators.  The  power  deliv- 
ered by  these  generators  is  then  stepped  up  to  45  000  volts  for  trans- 
mission to  the  transformer  substations,  where  it  is  stepped  down 
to  the  trolley  voltage  of  6600  volts.  When  the  load  on  the  railway 
circuit  is  small  the  batteries  receive  their  charge  from  the  500  volt 
direct-current  machines,  which  act  as  generators  for  furnishing  cur- 
rent to  the  l)atterie3.  When  the  railway  load  is  large  the  battery 
furnishes  current  to  the  direct-current  machines,  which  act  as  motors 
and  fm-nish  mechanical  energy  to  assist  in  driving  the  single-phase 
generators.  The  average  load  is  not  carried  by  the  l)attery.  as  it  is 
concerned  simply  with  the  variations  and  serves  to  maintain  a  uni- 
form load  on  the  generating  system.  Thus  the  balancing  etTect  of 
the  storage  battery  is  obtained  and,  notwithstanding  the  number  of 
transformations,  the  operation  of  the  plant  tmder  normal  conditions 
is  entirely  automatic. 

One  argument  against  the  use  of  the  single-phase  system  has 
been  the  storage  batteries  could  not  be  used.  But  the  arrange- 
ment adopted  by  the  Spokane  and  Inland  furnishes  a  method  of 
operation  by  which  the  storage  battery  takes  care  of  violent  fluctua- 
tions in  the  railway  load,  helps  out  on  the  peak  load  and  is  of  great 
value  under  emergency  conditions,  thus  giving  a  flexibility  quite 
comparable  to  that  obtained  in  direct-current  systems. 
«  A.  H.  McIntire 


The  term  "standard"  is  applied  to  apparatus  which 
Performance  jg  usually  made  in  quantity  and  conforms  to  certain 
?i    j''''^  common  or  normal  conditions  with  respect  to  volt- 

Abnormal       '^S^'  frequency,  speed  and  the  like.     Standard  appa- 
Conditions      ratus  has  a  certain  definite  performance  for  which 
it  is  designed  to  operate  under  normal  conditions. 
Individual   pieces  of  apparatus  may  vary   slightly  one  way  or  the 
other  from  the  average  or  normal  performance. 

It  happens  quite  frequently  in  the  selection  of  apparatus  that 
the  conditions  to  be  met  differ  from  the  average  or  ordinary  condi- 
tions, so  that  if  standard  apparatus  is  selected  it  will  be  used  under 
conditions  differing  from  those  for  which  it  was  designed.     Motors, 
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for  example,  are  called  upon  to  operate  at  different  speeds,  or  at 
different  outputs,  or  at  different  voltages  from  those  for  which 
they  were  intended.  The  question  then  presented  to  the  commercial 
engineer  is  to  determine  whether  standard  apparatus  is  suitable ; 
first,  whether  it  will  perform  the  required  service,  and  second, 
whether  it  will  do  this  safely  and  satisfactorily.  Often  the  ingen- 
ious and  resourceful  engineer  wall  be  able  to  suggest  some  modifi- 
cations in  the  conditions  which  will  bring  them  within  the  range 
which  standard  apparatus  is  qualified  to  meet. 

Hence,  the  importance  of  knowing  what  a  given  motor  or 
other  piece  of  apparatus  will  do  under  abnormal  conditions.  This, 
to  be  definite,  may  require  specific  knowledge  with  regard  to  the 
particular  motor,  for  the  reason  that  the  range  of  variation  permis- 
sible with  a  motor  of  one  size  or  for  a  certain  voltage  is  usually 
different  from  those  of  motors  of  other  sizes  or  for  other  voltages. 
On  the  other  hand,  there  are  certain  general  relations  between  the 
different  characteristics  of  apparatus,  the  understanding  of  which 
is  usually  helpful.  For  instance,  if  one  knows  the  eff'ect  of  a 
decrease  in  the  speed  of  a  generator  upon  its  field  current  he  will 
be  able  to  form  a  fair  idea  of  the  difficulties  which  may  be  encoun- 
tered if  a  particular  machine  is  to  maintain  its  normal  voltage  at 
a  speed  which  is  considerably  below  normal.  If  one  knows  tlie 
effect  of  a  change  in  voltage  upon  the  field  current,  upon  the  com- 
mutation and  upon  the  heating  of  various  elements  he  can  predict 
the  probable  effects  which  may  be  expected  from  a  change  in  the 
voltage  of  a  particular  machine. 

It  is  profitable  to  study  the  effect  which  a  change  in  one  elcniiiu 
makes  upon  others.  Such  a  study  was  made  with  regard  to  the 
induction  motor  in  the  last  issue  of  the  Johrn.vi..  The  eft'ects  of 
over-voltage,  under-voltage,  lower  frequency,  higher  frecjuency  and 
a  simultaneous  change  both  in  frc<|uency  and  in  voltage  upiMi 
a  particular  induction  motor  are  considered.  This  method  of  treat- 
ment and  the  general  principles  underlying  tlie  changes  produced 
by  varying  certain  elements  give  the  article  far  more  iinporlance 
than  do  the  particular  figures  with  regard  to  a  specific  motor. 

I'urther  generalization  is  useful.  With  respect  to  over-vollage, 
for  example,  an  increase  of  voltage  is,  in  general,  eciuixalent  to 
increasing  the  capacity  of  the  motor.  .An  increase  of  lo  per  cent,  in 
the  voltage  increases  the  starting  lor(|ue,  the  maximum  torque  and 
the  out])ut  at  a  given  slip  by  approximately  20  per  cent.  In  othei 
words,  the  capacity  of  a  motor  varies  as  the  sijuare  of  the  voltage. 
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A  lo  hp  motor  at  200  volts  becomes  a  12  lip  motor  at  220  volts, 
insofar  as  its  capacity  is  concerned.  Its  losses,  however,  are  con- 
siderably greater,  so  that  its  temperature  would  be  increased.  Its 
efficiency  and  power  factor  will  be  lower.  The  suitability  of  the 
motor  for  continuous  operation  at  a  higher  voltage  and  increased 
output  depends,  therefore,  not  upon  its  ca])acity  to  carry  load,  but 
upon  other  features  which  have  to  do  with  safety  and  economy. 

If  the  motor  be  run  at  the  higher  voltage,  but  with  its  normal 
output  (in  this  case  10  hp),  then  the  motor  has  capacity  for  12 
hp  and  is  carrying  only  80  per  cent.  load.  Several  characteristics 
of  a  motor,  such  as  slip,  maximum  torque  and  starting  torque  would 
approximate  the  ordinary  figures  for  a  motor  of  this  size  running 
at  80  per  cent,  of  its  normal  load. 

Conversely,  if  a  motor  be  run  at  10  per  cent,  below  normal 
voltage,  then  the  capacity  is  decreased  about  20  per  cent.  A  10  hp 
motor  would  have  the  characteristics  of  an  8  hp  motor  in  starting 
and  in  maximum  torque  and  in  output  at  normal  slip.  If,  at  the 
lower  voltage,  the  motor  be  given  its  full  load  of  10  hp,  its  charac- 
teristics will  be  quite  similar  to  those  of  a  motor  which  is  carrying 
25  per  cent,  overload. 

The  habit  of  thus  establishing  in  one's  mind  the  various  funda- 
mental relations  between  the  diiTerent  elements  in  the  operation  of 
a  motor  or  other  apparatus,  by  which  one  can  foresee  the  effect 
which  a  change  in  one  element  will  produce  upon  other  elements, 
will  prove  very  useful  to  most  engineers  who  have  to  do  with  either 
the  selection  or  the  operation  of  apparatus.  It  is  further  desirable, 
of  course,  to  know  the  approximate  limits  of  safety  and  economy, 
in  order  that  these  elements  may  not  be  exceeded. 

Chas.  F.  Scott 


Reverse    current    relays    for  alternating-current 
Reverse         circuits  are  designed  to  operate  when  the  direc- 
Current         tion  of  the  flow  of  energy  is  reversed  from  that 
Relays  required   for  normal  operation.     In   actual  prac- 

tice they  are   principally  used  to  guard  against 
trouble  arising  from  a  reversal  under  the  following  conditions : 

I — Improper  adjustment  or  loss  of  field  on  one  of  several 
alternating-current  generators  operating  in  multiple,  when  the 
machine  would  act  as  a  partial  short-circuit  on  the  bus-bars. 

2 — Cutting  ofit  of  power  from  a  transmission  line  feeding 
rotary  converters  or  synchronous  motor-generator  sets  operating 
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in  multiple  with  storage  batteries  or  other  generators,  in  which 
case  the  rotary  converter  or  synchronous  motor  would  tend  to 
run  inverted  and  supph^  power  to  the  transmission  line. 

3 — A  short-circuit  or  ground  on  one  of  several  lines  op- 
erating in  multiple  to  supply  power  from  a  generating  station  to 
a  sub-station.  \\'hile  the  damaged  line  will  be  cut  oflf  from  the 
generating  station  by  the  action  of  the  over-load  circuit-breaker 
at  that  point  the  other  lines  in  multiple  with  it  would  continue  to 
supply   power   to  the   damaged   line   through  the   sub-station. 

In  the  first  case,  which  is  of  rare  occurrence,  the  station  op- 
erator can  usually  adjust  or  cut  off  the  generator  before  any 
damage  is  done  and  without  any  necessity  of  shutting  down  the 
plant. 

In  the  second  case  it  is  customary  to  use  a  polarized  relay 
in  the  direct-current  circuit  to  trip  the  circuit-breaker  connecting 
the  machine  to  the  direct-current  bus-bars  and  at  the  same  time 
to  open  the  circuit-breaker  in  the  alternating-current  circuit.  This 
type  of  relay  works  in  a  very  satisfactory  manner. 

In  the  third  condition  the  reverse  current  relays  are  located 
in  the  receiving  station  and  operated  from  transformers  in  the 
circuit  between  the  incoming  lines  and  the  bus-bars.  In  case  of 
trouble  on  one  line  the  overload  circuit-breaker  at  the  generating 
station  would  open,  but  the  remaining  lines  would  feed  into  the 
disabled  one  through  the  sub-station  bus-bars.  Under  these  con- 
ditions the  flow  of  energy  in  that  line  would  be  fro)ii  the  bus-bar 
instead  of  to  it  and  this  reversal  of  direction  would  cause  the 
relay  to  trip  the  circuit-breaker  connecting  that  line  to  the  bus- 
bars. 

A  short-circuit  on  one  line  often  causes  such  hea\_\-  currents 
to  flow  that  tile  line  drop  l)ecomes  excessive  and  the  sub-station 
voltage  so  small  antl  the  power-factor  so  low  that  the  earliest 
types  of  reverse  current  relays  would  fail  to  operate  and  in  many 
plants   tliey   !ia\e   been    discarded   as   useless. 

The  relay  descrii)ed  in  this  issue  of  the  Journwl  by  Messrs. 
MacGahan  and  Baker  is  intended  to  obviate  the  troubles  inher- 
ent in  the  older  types  Judging  from  the  cin-ves  shown  in  the 
article  this  relay  should  pro\e  verv  satisfactor\-  in  ser\ice  and 
an  extremely   useful  piece  oi  apparatus. 

S.   O.    llAVI-S 
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Articles 
on  Organ- 
izations 


'J'hc  article  on  The  Union  Switch  and  Signal  Com- 
pany in  this  issue  follows  a  similar  article  with 
rct^ard  to  Westinghouse,  Church,  Kerr  &  Company 
in  the  last  issue  of  the  Journal.  These  articles 
wliich  trace  the  development  anfl  exhibit  the  scope 
and  character  of  the  work  of  these  organizations 
are  of  especial  value  to  those  who  are  more  or  less  intimately  con- 
nected with  these  particular  companies,  and  they  will  also  be  found 
of  great  interest  to  those  whose  duties,  present  or  prospective,  may 
bring  them  directly  or  indirectly  in  contact  with  organizations  which 
are  typical  of  modern  engineering  methods. 

The  importance  of  a  just  appreciation  of  the  efforts  of  others 
with  whom  one  may  have  to  do  was  brought  out  in  the  introductory 
remarks  to  the  present  paper,  as  follows : 

''T/ic  Diaii  ivho  sits  and  ivorks  ivithin  a  narrow  circle,  who  sees 
but  little  beyond  that  circle,  acquires  a  sort  of  provincial  conceit 
and  co}]iplacenc\  that  is  really  danji^eroiis. 

"He  i>:ets  to  fhinkiii!^  the  zcork  he  is  doing  is  I'ery  important, 
and  th.af  the  -ceork  of  other  people  is  of  comparatively  little  import- 
ance. 

"A)ix  man,  who  is  respo)isible  for  the  administration  of  a  large 
organi::ation  runs  against  this  all  t!ie  time. 

"It  is  one  of  the  serious  matters  that  an  e.vecutii'e  officer  has  to 
encounter — the  narrow-mindedness  of  ig)torance — and  for  that  rea- 
son alone  it  is  of  great  importance  that  men  in  each  department 
should  have  at  least  some  reasonable  conception  of  the  kind  of  work 
being  done  in  other  departments." 


THE  SPOKANE  AND  INLAND  SINGLE-PHASE 
RAILWAY 

J.  B.  INGERSOLL 
Assistant  General  Manager  and  Chief  Engineer  of  the  Spokane  and  Inland  Railway 

THE  Spokane  and  Inland  Railway  furnishes  the  first  example, 
large  or  small,  of  the  use  of  single-phase  railway  equip- 
ment in  the  entire  Pacific  Northwest,  and  is  the  second  one 
to  begin  operation  on  the  Pacific  coast,  its  immediate  predecessor 
being  the  Vallejo,  Benicia  and  Xapa  A'alley  Railway  Company,  of 
Southern  California. 

Beginning  at  Spokane,  Wash.,  where  immediate  contact  is  made 
with  several  transcontinental  lines- — the  Great  Northern,  the  North- 
ern Pacific  and  the  Union  Pacific  systems — the  Spokane  and  Inland 
extends  in  a  general  southerly  direction  for  a  distance  of  seventy- 
six  miles  to  the  city  of  Colfax,  Wash.,  which  in  that  direction  con- 
stitutes the  present  terminus;  at  Spring  Valley  junction,  39  miles 
from    Spokane,  a  branch   line   runs   to   Palouse,   Washington,   this 
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branch  being  about  40  miles  in  length,  making  the  total  length  of 
line  at  ])resent,  116  miles,  or  125  miles  including  sidings.  Exten- 
sions to  one  or  possibly  both  of  these  branches  (^f  the  ""S"'  thus  form- 
ed will  no  doubt  be  made  in  the  very  near  future. 

The  entire  field  traversed  by  this  electric  line  is  one  of  great 
fertility.  It  is  the  Palouse  comitry,  known  especially  in  the  grain 
market  as  a  great  wheat  producer,  and  furlhermore  destined  to  de- 
velop as  a  tiiuber  producer,  since  the  Washington,  lilaho  &  Montana 
Railway   has   built   east    from    Pailouse,    reaching    into   one    of    the 
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largest  bodies  of  while  i)iiie  timber  now  staiKbnj;-,  and  a  four  l)and 
sawmill  has  been  erected  at  I'otlateh,  Idalio,  eleven  miles  up  the 
Washington,  Idaho  &  Montana  Railway  from  I'alousc.  This  mill 
will  have  an  immense  ca])acity,  cutting  in  the  neighborhood  of  a  mil- 
lion feet  of  timber  each  day,  which  will  mean  thirty  or  more  cars  of 
lumber  distributed  daily  to  the  various  transi)ortation  companies,  the 
Spokane  and  Inland  handling  its  share  of  the  tonnage.  This  wheat, 
lumber,  etc.,  will  make  heavy  freight.  A  firm  official  determination 
existed  on  the  part  of  the  Spokane  and  Inland  Company  from  the 
very  beginning  to  handle  this  freight  electrically,  and,  according  to 
steam  road  practice,  to  employ  heavy  motive  power. 

By  reason  of  unfavoraible   weather  conditions,   such  as  heavy 
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snowfall  and  also  because  of  the  extensive  trackage,  yards,  etc.,  it 
was  not  feasible  to  consider  a  third  rail  system,  so  direct-current 
considerations  were  at  once  reduced  to  the  necessary  use  of  a  double 
No.  oooo  overhead  trolley  paralleled  by  copper,  varying  in  size 
from  500  000  to  750  000  circular  mils  throughout  almost  the  entire 
system.  A  lengthy  computation  was  prepared  showing  the  rela- 
tive advantages  of  single-phase  and  direct-current  operation.  The 
report  submitted  to  the  officials  of  the  road  was  summarized  in 
about  the  following  manner,  the  parallel  columns  showing  the  rela- 
tive costs  involved  by  the  three-phase,  60-cycle  rotary  converter 
system  and  the  single-phase,  25-cycle  system.     These  figures  apply 
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to  a  total  mileage  of  146  of  main  line,  which  in  actual  construction 
has  since  been  reduced  temporarily  by  thirty  miles : 

Direct  Alternating 

Current.  Current. 

Electrical   equipment   uf   rolling   stock..     ..     $259600  $286250 
Trolley  line  (two  Xo.  0000  conductors)    .  .       343  100 

Trolley  line   (catenary  construction)    ..    ..  306600 

Transmission 122640  140000 

Feeders 474  600  19  800 

Bonding 40150  40150 

Rotary  sub-stations 338  548 

Transformer  sub-stations 156  988 

Frequency  changing  stations 106400 


$1578638       $1056.188 

Saving  of  Alternating  over  Direct  Current $522450 

Due  to  changes  made  after  the  contract  for  the  equipment 
was  closed,  it  is  now  considered  that  the  saving  efifected  was  in  the 
immediate  neighborhood  of  $800000,  representing,  at  five  per  cent., 
an  interest  of  $40  000  per  annum,  and  also  a  very  large  percentage 
of  the  total  cost  of  the  system  using  direct-current  apparatus. 

POWER 

Practically  all  of  the  electric  power  systems  on  the  Pacific  coast 
are  equipped  with  60-cycle  apparatus.  In  this  resi>ect  conditions 
at  Spokane  did  not  differ  from  the  majority  of  cases  and,  as  it  was 
decided  to  buy  power  from  an  existing  power  system,  the  use  of  fre- 
quency changers  was  the  only  expedient  to  follow. 

These  were  selected  in  units  of  i  000  kw,  four  sets  being  re- 
quired, each  set  consisting  of  three  separate  machines,  all  mounted 
on  the  same  base  plate,  each  being  of  the  two  bearing,  self-contained 
type  with  flange  coupling  between  adjacent  rotating  elements.  The 
I  000  kw,  25-cycle  revolving  field,  single-phase  2  200  volt  generator 
is  coupled  at  one  end  to  a  i  000  hp,  3-phase,  60-cycle,  4000  volt 
induction  motor  operating  at  full-load  speed  of  500  r.  p.  m. ;  at  the 
other  end  it  is  coupled  to  a  750  hp,  shunt-wound  550  volt  direct-cur- 
rent machine,  which  is  designed  to  act  as  a  load  balancer  for  the 
induction  motor,  keeping  the  input  to  that  machine  as  nearly  con- 
stant as  possible,  and  as  far  as  the  60-cycle  system  is  concerned, 
minimizing  the  peak  loads.  The  direct-current  machine  will  charge 
and  discharge  a  storage  battery  through  a  booster  system,  the  boos- 
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ler  field  compensator  being  actuated  from  the  secondaries  of  series 
transformers,  placed  in  the  4000  volt  circuit  to  each  induction  mo- 
tor. This  is  the  first  system  of  the  sort  to  be  applied  to  alternating- 
current  railroading  and  offers  a  new  field  to  the  storage  battery. 

The  alternating-current  power  is  taken  direct  from  the  4  000 
volt,  60-cycle  generator  bus-bars,  transmitted  two  miles  to  the  fre- 
quency changing  station,  and  sent  out  at  a  potential  of  45  000  volts, 
25-cycle,  single-phase,  to  the  various  transformer  stations  along  the 
right  of  way. 

The  frequency  changing  station  is  a  brick,  concrete  and  steel 
structure  of  imposing  design  and  together  with  the  60-cycle  power 
plant,  is  located  inside  the  city  limits  of  Spokane. 

SWITCHBOARD 

The  switchboard  in  the  frequency  changing  station  consists  of 
24  panels.     All  oil  switches  are  mounted  separate  from  the  switch- 
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board,  each  being  operated  through  a  system  of  connecting  rods  and 
bell  cranks. 

Graphic  recording  instruments  are  placed  in  the  incoming  4  000 
volt,  60-cycle  circuits  and  also  in  the  25-cycle  end  of  the  equipment, 
these  furnishing  a  continuous  station  log  of  the  power  received 
and  the  power  delivered. 

TRANSFORMER  STATIONS 

For  the  116  miles  of  line,  eleven  transformer  stations  are  used, 
consequently  the  average  distance  between  them  is  approximately 
10  miles.  The  buildings  will  be  of  concrete  and  brick  construction, 
and  will  each  house  the  following  equipment: 

2 — Low  equivalent  45  000  volt  lightning  arresters. 

I — Automatic  45  000  volt  oil  circuit  breaker. 
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2 — 375  k\v,  45  000-6  6oo  volt  oil  insulated  self-cooled  trans- 
formers. 

2 — Automatic  6  6oo  volt  oil  circuit  breakers. 

I — 6  6oo  volt  lightning  arrester. 

I — Full  complement  of  disconnecting  switches  for  6o  ooo  and 
6  6oo  volts. 

TRANSMISSION    LINE 

The  45  ooo  volt  single-phase  transmission  line  parallels  the 
track  but  is  separate  from  the  trolley  structure.  No.  2  hard  drawn 
copper  wire  is  used  and  is  supported  on  a  single  cross  arm,  the 
wires  being  spaced  48  inches  apart.     The  insulators  are  of  the  three 
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part  tyi)e,  glazed  together  and  tested  at  120000  volts.  Metal  pins 
are  used  of  the  type  made  by  the  Locke  Insulator  Company.  The 
poles  are  of  Idaho  cedar  with  a  minimum  top  diameter  of  eight 
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inches,  forty   feci  l<>n,n'  and  set  at  an  averaj^e  distance  of   loo  feet 
ai)art  on  tangents  and  50  feet  on  cnrves. 

TROLLHV    LINIi 

Tile  tidllc}-  construction  is  of  standard  single  catenary,  single 
arm  type,  for  a  working  i)otential  of  6600  volts.  hLspccial  care  has 
been  exercised  in  erecting  this  line  and  material  has  been  used  un- 
sparingly, the  result  being  tliat  an  excellent  example  of  high  class 
work  is  here  aiforded.  It  has  been  put  up  to  stay.  The  poles  are 
of  well  selected  Idaho  cedar,  40  feet  long  with  a  minimum  top  diam- 
eter of  eight  inches  and  are  set  six  feet  in  the  ground.  Many  holes 
had  to  be  blasted  out  of  the  solid  rock.  A  large  percentage  of  the 
poles  are  guyed  securely  and  especially  so  on  curves.  The  trolley 
wire  is  22  feet  above  the  head  of  the  rail. 

LOCOMOTIVES 

Six  locomotives  are  being  supplied,  each  weighing  approxi- 
mately 50  tons,  of  the  double  truck  type,  equipped  with  four  150  hp, 
single-phase  railway  motors,  having  a  normal  voltage  of  225  volts. 
The  dimensions  of  the  locomotives  are  as  follows : 

Height  from  head  of  rail  to  top  of  cab,  1 1  feet,  9  inches. 

Width  over  all,  9  feet,  6  inches. 

Length  over  bumpers,  32  feet,  6  inches, 

Rigid  wheel  base,  7  feet,  4  inches. 

Wheels,  38  inches  diameter. 

Distance  between  truck  centers,  13  feet,  9  inches. 

All  locomotives  are  double  end,  fitted  with  straight  and  auto- 
matic air  brakes,  and  electro-pneumatic  multiple-unit  alternating- 
current  and  direct-current  control,  and  have  duplicate  motor-driven 
air  compressors. 

Most  of  the  control  and  brake  equipment  will  be  inside  of  the 
cab  in  a  very  accessible  position,  facilitating  ready  inspection  of 
parts  and  quick  repairs. 

Two  auto-transformers  of  the  oil  insulated  self-cooling  type  are 
supplied  for  each  locomotive,  having  a  combined  capacity  sufficient 
to  supply  the  motors  with  power  tinder  heavy  overload  conditions. 
These  are  also  placed  inside  the  cab. 

Each  locomotive  is  intended  to  haul  seven  45-ton  cars  on  a  level 
track  at  30  miles  per  hour  and  ten  such  cars  on  a  level  at  25  miles 
per  hour.  When  coupled  in  tandem,  the  w^eights  back  of  the  draw- 
bars may  be  doubled.     It  is  proposed  to  use  double-headers  in  regu- 
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lar  service  and  to  do  practically  all  of  the  heavy  freight  work  at 
night,  thereby  keeping  the  load-factor  of  the  system  as  high  as  pos- 
sible. 

PASSENGER  CAR  EQUIPMENT 

Standard  passenger  trains  consist  of  three  coaches,  two  Avith 
motors  and  one  without  motors.  The  two  motor  cars  are  run  in 
front,  leaving  the  third  car  as  a  trailer.  The  electrical  equipment 
for  each  motor  car  consists  of  four  lOO  hp,  single-phase  motors, 
complete  with  both  alternating-current  and  direct-current  multiple- 
unit  pneumatic  control  and  one  auto-transformer  of  the  oil  insulated 
self-cooling  type.     The  trolleys  for  alternating-current  service  are 
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I — I  ooo  lip,  40CO  volt,  3-pliase,  60  cycle,  500  r.  p.  ni.  induction  motor 
I — I  000  kw,  2  200  voll,  single-phase,  25  c\cle,  rotating  field  generator. 
I — 750  lip,  550  volt,  direct-current  shunt  wourid  niacliine,  which  acts  alter- 
nately as  motor  or  generator,  depending  on  the  load 

of  the  pneumatically  operated  i)antagrapli  l\p.\  Wheel  tr<illcys  with 
bases  insulated  for  6600  volts  arc  also  supplie<,l,  an  oil  type  emer- 
gency switch  being  tisecl  f(~>r  intercomiection  between  the  tri>lleys  in 
case  of  faihire  of  one  or  the  other.  I'lach  luotDr  car  with  load  weighs 
complete  approximately  42  tons,  the  trailer  31  tons,  makitig  a  three 
car  train  weigh  api"»roximately  115  Ions  total.  The  car  wheels  are 
36  inches  in  diameter,  wliicli  with  a  gear  ratio  of  2c^:(>3  gives  a  speed 
of  45  miles  per  hour,  on  a  level  track. 

A  \.\\o  car  train  made  up  of  a  motor  car  .-md  trailer,  i^i  a  total 
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\viml;1i1  with  load  of  73  tons,  has  a  maxinumi  speed  of  50  miles  ])er 
hour  on  the  level  and  a  schedule  speed  of  36  miles  per  hour  on  a 
four  mile  nm.  All  e(|uipments,  including  the  locomotives,  are  de- 
signed to  work  on  standard  600  volt  direct-current  trolley  lines 
when  desired,  as  all  trains  entering-  the  terminal  station  in  S])okane 
use  direct-current. 

At  present  15  (luadruplr  e(|uipments  of  100  hp  motors  have  hjen 
ordered  for  passenger  trains.  Six  motor  cars  will  be  the  combina- 
tion passenger  and  baggage  type,  59  feet  in  length,  all  single  end  con- 
trol. Five  cars  will  be  of  the  straight  passenger  type,  56  feet,  6 
inches  long,  all  single  end  control.  One  motor  car  of  the  straight 
passenger  class  will  be  double  end  control  and  will  be  used  for  ser- 
vice. There  will  also  be  three  58  foot  observation  cars  without  mo- 
tors. Car  bodies  and  trucks  for  the  remaining  three  complete  motor 
equipments  have   not  yet  been  ordered. 

FREIGHT  MOTOR  CARS 

For  light  freight  and  express  service,  there  are  six  quadruple, 
100  hp  equipments,  these  being  the  same  as  those  used  on  passenger 
service,  except  that  the  gear  ratio  is  lower  and  all  are  of  the  double 
end  type  in  both  electric  control  and  brake  equipment,  both  straight 
and  automatic  brakes  being  used.  The  air  compressors  are  m  dupli- 
cate. The  car  bodies  are  of  the  box  type  50  feet  long  over  the 
bumpers.  Besides  having  a  large  freight  carrying  capacity,  they 
will  be  used  as  light  weight  locomotives  and  will  be  capable  of  haul- 
ing two  45  ton  cars  on  the  level  at  45  miles  per  hour.  Heavier  trains 
can  be  handled  if  desired  on  shorter  runs  without  overheating  the 
equipment.  These  lighter  locoinotives  may  be  run  tandem  or  multi- 
ple, making  them  valuable  auxiliaries  to  the  heavier  locomotives  dur- 
ing periods  of  congested  freight  traffic. 


ELECTRO-MOTIVE-FORCES  INDUCED 
IN  PARALLEL  CIRCUITS* 

A.  W.    COPLEY 

A  TABLE  was  <T^iven  in  the  June  issue  of  the  Journal  in  an 
article  on  "The  Calculation  of  the  Electro-Motive-Force 
Inducerl  in  Transmission  Circuits,"  from  which  the  volt- 
ages induced  in  any  circuit  by  an  alternating-current  in  a  parallel 
circuit  could  be  obtained.  The  application  of  the  general  method 
of  calculation  is  best  illustrated  by  a  few  simple  concrete  cases. 

The  part  of  the  table  which  will  be  used  ( from  pages  337  and 
338  of  the  June  issue)  is  as  follows  : 

Common  logarithm  to  be  employed  in  order  to  find  the  e.m.f. 
induced  in  various  secondary  circuits  by  current  in  circuit  AB: 

(t.)  e.m.f.  in  C-D ;  log   -;, 
^  *'    ad 

be 
(6)  e.m.f.  m  A-D :  log  qj^^^^ 

(9)  e.m.f.  in  A-B ;  2  log    ^ !,g"^ 

Constants  for  one  ampere  and  one  mile  length : 
Frequency,  25  cycles;     Constant,  o.  116 
Frequency.  60  cycles ;     Constant.  0.279 

Consider  four  wires.  A,  B,  C,  and  D.  parallel  to  each  other  and 
arranged  as  in  b'ig.  i.  a  =  8  in.  =  d  ;  b  =  17.9  in.  =  c  ;  e  =  i(3  in.  =  f ; 

r  =  0.1021  in.  The  length  of 
'^  lines  parallel  to  each  other  is 
taken  as  one  mile  and  all  wires 
are  assumed  to  be  Xo.  4  T..  &  S. 
gauge. 

(  ase  T.     C^irrent  of  100  am- 

'B  ])eres  at  2^  cycles  in  circuit  .IB. 

To   fintl   the   induced   voltage    in 


circuit  (7) 

1<^ 


Use  (3)  from  the  table  given;  then, 


los: 


320 


,.,  -■  ..    ^^^^-- log  5  =  0.699. 
Multi])l\ing  this  bv  0.1  \()  the  constant  for  25  cycles  and  one  mile 
length  of  parallel  circuit,  and  l)y  \no.  the  current  in  AB,  gives  the 
niduccd  voltage  in  CP  as.   100  X  0.1  16  X  0.6()()  =  8.1  volts.    This  i<? 
indei)eu(UMil  of  ihe  size  of  the  wires. 


*This  is  till'  fciiutli  ill  .1  series  of  arlioKs  dcaliiiu  willi  the  cliaracteris- 
tics  of  transmission  circuits.  Vhc  earlier  articles  appeareil  in  the  Decem- 
ber,  Febrnary  and  June   issues. 
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Case  II.  (iinint  of  loo  ,'mi])cres  at  25  cycles  in  AB.  To  find 
the  voltaij^c  iinhu-cil  in  itself.  A])i)ly  (9)  from  tlie  table  and  multi- 
ply   by    the    same    constant    as    in    Case    1.      lOO  X  O-i  if")  X-2    log 

^=23.2   loo-    ^^1^-^-^=53.4  volts. 

Case  III.  Current  of  100  amperes  at  25  cycles  in  AB.  To  find 
the  induced  voltage  in  .\I).   l'"roni  (6)  we  have  log  p.^        and' using 

the    constant    o.iiC)    the     induced    voltage    is     100  X  o.i  16  X  log 

17.QX16  1^ 

— K        0  ^  ^0.7  volts. 

0.78x0.1021x8       ^    ^ 

Case  IV.  The  three  foregoing  cases  have  dealt  with  the  etYect 
of  only  one  current.  Suppose,  however,  that  not  only  .-IB  is  carry- 
ing current  but  that  a  second  circuit  CD  carries  a  current  of  the 
same  frequency  and  phase.  The  circuit  CD  will  then  have  a  voltage 
induced  in  it  l)y  the  current  in  AB  and  also  by  the  current  in  itself. 

Assume  that  AB  carries  a  current  of  100  amperes  at  25  cycles, 
and  CD  carries  a  current  of  50  amperes  at  25  cycles.  To  find  the 
induced  voltages  in  CD: 

(a)  When  A  and  C  are  like  sides  of  the  two  circuits. 

(b)  When  A  and  D  are  like  sides  of  the  two  circuits. 

The  induced  voltage  in  CD  due  to  current  in  AB  is  from  Case 
I,  8.1  volts.     The  induced  voltage  is  CD  due  to  current  in  itself  is 

50  X  0.116  X  2  log  7  „„„,  :=26.7  volts.  These  two  voltages  are  in 
phase  with  each  other  and  the  total  effect  in  CD  is  the  sum  of 
8.1  -|-  26.7  =  34.8  volts. 

(b)  The  same  voltages  will  be  induced  in  CD  with  the  current 
reversed  in  either  circuit  but  the  two  voltages  will  be  opposing  each 
other  and  the  total  effect  will  be,  26.7 — 8.1  =  18.6  volts. 

Case  V.  If  the  four  wires  make  up  one  circuit,  each  side  of  the 
circuit  being  composed  of  two  wires  in  parallel,  the  induced  voltage 
in  the  circuit  can  be  calculated  by  three  possible  arrangements  of  the 
wires,  assuming  100  amperes  per  wire  as  follows: 

(a)     A^  and  C  in  parallel;  and  B  and  D  in  parallel. 

To  find  the  induced  voltage  in  the  circuit.  As  the  two  circuits 
are  symmetrical  the  induced  voltage  in  AB  will  be  equal  to  that  in 
CD  and  as  thev  are  in  parallel  this  will  be  the  induced  voltage  in  the 
whole  circuit. 

The  induced  voltage  in  AB  due  to  current  in  CD  is 
be 

TOO  X  O.I  16  X  log    -  =  8.1. 

The  voltage  in  AB  due  to  current  in  itself  is  by  Case  II,  53.4 
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volts.     The  total  induced  voltage  ^  53.4  -|-  8.1  =61.5  volts, 
(b)     A  and  B  in  parallel;  and  C  and  D  in  parallel. 
The     induced     voltage     in    AC    due     to     current  in     BD     is 

100  X  0.1 16  X  log     ^   =  I.I  volts.     The  induced  voltage  in  .-iC  due 

to  current  in  itself  is  100  X  0.116  X  2  log      f.,    =  46.4  volts.     The 

*"    (_) .  /  or 

total  induced  voltage  is  1. 1  -|-  46.4  =  47.5  volts. 

(c)     A  and  D  in  parallel,  and  B  and  C  in  parallel. 

This  is  the  same  as  either  (a)  or  (b)  if  one  of  their  pairs  be  re- 
versed, and  the  induced  voltage  will  be  the  difiference  between  the 
two  voltages  in  each  instead  of  the  sum.  Subtracting  the  two  volt- 
ages in  (a),  =  53.4— 8.1  =45.3  volts. 

Likewise  for  (b),  46.4 — i.i  =r  45.3  volts. 

The  voltages  above  calculated  are  in  most  cases  not  what 
would  be  actually  read  on  a  voltmeter  because  of  the  voltage  re- 
quired in  the  circuits  to  overcome  the  resistance  of  the  wires. 

This  voltage  is  in  phase  with  the  current,  while  the  induced 
voltage  is  in  quadrature  with  the  current.  The  total  voltage  meas- 
ured by  the  voltmeter  would  be  the  vector  sum  of  the  two  compo- 
nent voltages  or  the  square  root  of  the  sum  of  the  S(|uares  of  the 
induced  voltage  and  the  voltage  drop  due  to  the  resistance. 

In  Case  I  there  is  no  current  in  CD  and  therefore  in  that  case 
the  induced  voltage  is  the  only  one  in  the  circuit.  But  in  Case  II 
the  resistance  drop  in  AB  due  to  100  amperes  flowing  through  two 
miles  of  No.  4  wire  nnist  l)c  added  to  the  53.4  volts  to  get  the  total 
voltage  used  in  the  line.  This  resistance  drop  is  266  volts.  The 
total  voltage  used  in  circuit  .IB  is  therefore  \/  266- -f- 53.4- =  271 
volts.  In  Case  III  the  resistance  drop  in  .  /  (uily  nuist  be  added  to 
the  induced  voltage  in  AD  of  30.7  volts  to  obtain  the  total  voltage  as 
measured  by  a  voltmeter.  This  amounts  to  V  133-  -|-  30.7-  =  135.6 
volts. 

To  show  the  cfifect  on  ihe  induced  voltage  of  changing  the  posi- 
tions of  the  wire^  tlie  voltage  induced  in  the  secondary  circuits  by 
currents  in  the  primary  in  big.  2  have  been  calculated  using  the 
method  illustrated  above.  The  i)riniary  circuit  may  he  a  power  cir- 
cuit of  any  kind  and  the  secondary  either  a  power  circuit  or  a  circuit 
transmitting  very  small  current  such  as  telegraph  or  telephone  cur- 
rents. 

The  voltage  induced  in  the  secondary  circuits  (Fig.  2)  are  those 
induced  by  a  current  of  lOQ  amperes  in  the  primary. 
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VOLTAGI':   INDUCia)    IN   SKCOND.XKY 

25  cyles  60  cyles 

X 

3.5  volts  S.4  volts 


0.0  volts  0.0  volts 


1.35  volts  3.5  volts 


7.0  volts  16.8  volts 


7.0  volts  16.8  volts 


5.5  volts  13.3  volts 


OX  0  0.0  volts  0.0  volts 


X=Wires  carrying  primary  current. 

0:=Wires  in  which  secondary  voltage  is  induced. 

In  the  first  two  grotips  the  four  wires  are  at  the  corners 
of  a  square.  In  the  next  four  figures  the  wh^es  are  presumed  to  be 
on  one  cross-arm,  on  which  the  pins  are  equally  spaced.  In  the  last 
figure  the  distance  from  each  outside  wire  to  the  adjacent  wire  is 
0.707  of  the  distance  between  the  two  current-carrying  wires. 


OPERATION   OF   GAS-DRIVEN   ELECTRIC  POWER 

SYSTEMS 

AS  EXEMPLIFIED  IN  THE  WARREN  &  JAMESTOWN  SINGLE-PHASE 
RAILWAY  SYSTEM- 

J.  R.   BIBBINS 

TU  ol)lain  a  correct  idea  of  the  conditions  at  Warreny  it  is 
sufficient  to  say  here  that  a  gas  engine  plant  of  i  ooo  hp 
capacity,  in  two  units,  is  operating,  without  steam  re- 
serve, an  entire  railway  system  totaling  42  miles  of  road,  half 
city  and  half  interurban,  the  latter  traversing  a  difficult  country, 
with  but  two  to  four  cars  in  service,  all  of  unusual  size  (35  tons), 
high  speed  (50  miles  per  hr.)  and  powered  200  hp  per  car.  Upon 
this  plant,  which  regularly  operates  80-90  per  cent,  of  the  time, 
the  entire  traction  service  of  an  important  community  depends. 

With  a  definite  operating  schedule  the  load  demands  may, 
in  a  sense,  be  anticipated;  for  instance,  when  starting  on  the 
even  and  half  hour  from  termini.  But.  practically,  it  is  impossi- 
ble to  anticipate  their  extent,  with  the  result  that  maximum 
generating  capacity  must  be  kept  continually  in  service,  although 
at  one  time  the  load  may  fall  to  practically  nothing  and  at  the 
next  instant  rise  to  the  limit  of  the  plant  capacity. 

LOAD   DIAGRAMS 

It  is  difficult  to  convey  on  paper  an  adequate  impression  of  the 
severity  of  a  load  like  this.  Some  idea  may  be  obtained  from  the 
accompanying  load  diagrams.  Fig.  1.  which  show  the  actual  move- 
ment of  the  mixing  valves  on  one  of  the  gas  engines  to  accommodate 
the  changes  in  impressed  load.  Even  these  do  not  represent  the 
very  worst  conditions,  for  it  frequently  occurrs  that  cars  become 
"bunched,"  particularly  during  the  summer  months  when  holiday 
traffic  is  usually  heavy,  taxing  the  entire  system  to  its  utmost. 

These  diagrams  were  taken  by  moving  a  strip  of  metallic 
coated  paper  at  uniform  speed  in  contact  with  a  pencil  attached 
to  the  valve  motion.  This  motion  is  rectilinear  and  proportional 
to  the  amount  of  gaseous  mixture  admitted  to  the  cylinders. 
Consequently  it  is  proportional  to  the  effective  load,  and  the  ordi- 
nates  record  the   fluctuations  of  power   which   must  be   met  by 


*From  a  paper  presented  before  the  Engineers'  Society  of  Western  Penn- 
sylvania, June  5,  1906.  ni     ^  >>  •     T-/ 

t  See  article  on  "Some  Features  of  the  Warren  Gas  Power  Plant,  in  1  he 
Electric  Journal,  Vol.  III.,  No.  4. 
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llic    mcncraliiij^'    unit.      Incidentally,    it    slunvs    the    sensitiveness 
which  characterizes  llie  method  of  ij^overning  used. 

'J'hese  three  samples  shown  were  taken  from  a  loniL;  stri])  oi 
record  coxeriny  a  i)eriod  of  one  hour,  each  strip  corresi)ondint^ 
to  an  interval  of  about  ten  minutes,  durin_<^  different  parts  of  the 
hom-'s  run.  The  upper  strip  records  the  hnid  occurring;'  rej.:^u- 
larly  throUL;li  the  day  at  half  after  the  hour.  At  this  time  one 
interurban  car  leaves  Jamestown  on  its  return  trip,  and  the  heavy 
load  at  1 1  :30-ii  :42  results  from  the  long  grade  leadinc^-  out  (jf  the 
city.  About  this  same  time  another  car  is  runninsj;-  across  coun- 
try, as  shown  by  the  train  sheet,  Fig.  2,  while  a  third  car  is  just 

Recording  Load  Charts 

SiiowiNci  Actum.  OI'Eninc  of  Mixing  Valves  on  Gas  Engines  at  Hmn  I'oweii  Station 
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pulling  into  the  Warren  terminal.  The  second  strip  records  a 
similar  load  one  hour  later  and  shows  practically  the  same  char- 
acteristics. On  the  third  strip  is  recorded  the  comparatively 
easy  load  which  results  from  tw^o  cars  out  on  the  line. 

The  scale  for  these  records,  affixed  at  the  left-hand  margin, 
was  constructed  by  making  a  few  observations  at  the  end  of  the 
run  at  several  different  points  of  valve  opening  corresponding 
to  various  loads  coming  within  the  range  of  fluctuations.  This 
method  was  found  to  be  quite  accurate,  checking  closely  with 
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observations  ir.adc  at  intervals  during'  the  time  the  record  was 
being  taken. 

Observe  now  that  within  these  ten-minute  intervals  there 
result  from  15  to  i8  peaks  with  load  varying  from  less  than  100 
hp  up  to  the  rated  capacity  of  the  engines.  The  suddenness  with 
which  these  loads  increase  and  decrease  is  shown  at  11:44,  12:36, 
and  12:44,  respectively.  Previous  to  May,  1906,  when  a  90- 
minute  schedule  was  in  use,  cars  started  simultaneously  from 
the  two  termini  which  still  further  accentuated  the  severity  of 
the  load  fluctuations  at  the  plant.  At  the  present  time  express 
cars  on  their  regular  daily  runs  carry  loads  varying  from  three 
tons  average  to  ten  or  fifteen  tons ;  it  is  nothing  unusual  for 
these  cars  to  haul  ten  to  fifteen  barrels  of  oil,  or  a  load  of  dressed 
oak  timber,  which  pulls  heavily  on  the  steep  grades.  It  is 
unnecessary  to  emphasize  the  fact  that  this  kind  of  load  is  the 
worst  that  a  reciprocating  engine  can  be  called  upon  to  sustain. 

Approximate,   Train    Sheet 

Power  Station  Arr.\ngement.vnd  Distribution  System 

Warren  and  Jamestown  St.  Ry.  Co. 

WC^RTLEN    Pa  . 


The  fact  ihal  the  \\'arren  plant  is  capable  of  meeting  these  fluc- 
tuations without  ra])id  deterioration  should  furnish  a  convincing 
proof  of  the  stability  of  the  modern  gas  engine. 

Another  jioint  of  im])onant  bearing  ui)on  the  success  of  a 
])ower  ])lant  is  the  ch;ii-acter  di  lal)or  a\ailable.  (^wing  to  the 
distance  of  the  jiower  i)l;int  from  the  city  and  its  complete  isola- 
tion after  nmning  hours,  il  is  diflicull  to  retain  skilled  operatives. 
Thus  at  the  i)resent  tinie.  although  one  such  man  is  retained 
as  sui')erinlen(lenl,  the  ri-maining  atteinlants  were  (|uite  inexjK'ri- 
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ciicc'd,  most  of  lluni  lia\  in;^  come  uj)  from  ihc  ranks  in  street 
railway  scrxicc  < >r  from  outside  employment.  l)nrin<^  the  ])ast 
six  months  these  men  ha\e  ac(|nire(l  suftlcient  knowledj^e  and 
skill  to  enable  one  of  their  number,  a  com])arati\-elv  vomi|L;-  man, 
to  take  entire  eharj^e  during-  the  nii(ht  run. 

POINTS   DEVELOPED    FROM    OPERATION 

A  general  survey  of  the  operation  of  the  Warren  gas  engine 
])lant  uj)  to  the  present  time  brings  to  mind  the  following  points 
that  would  now  seem  to  have  been  established: 

I — Ability  to  handle  variable  loads. 

2 — Regulation  suitable  for  alternating-current  parallel  op- 
eration. 

3 — Ktfect  of  misfires  negligible. 

4 — Sufficient  reliability  for  regular  daily  service. 

5 — Deterioration  from  wear  quite  normal. 

(^^ — General  character  of  labor  required  not  above  the  ordinary, 
nary. 

7 — Oil  and  water  consumption  low.  Automatic  svstems  de- 
sirable. 

8 — Automatic  starting  system  quite  sufficient  for  any  emer- 
gency. 

PARALLEL  OPERATION 

Not  the  least  impressive  feature  of  the  Warren  plant  is  the 
ease  with  which  the  gas  engine  units  are  operated  in  electrical  par- 
allel. They  are  synchronized  by  the  ordinary  lam])  method  and  on 
opening  the  throttle.  The  author  has  observed  the  entire  operation 
of  unloading,  synchronizing  and  loading  again  accomplished 
within  a  period  of  twenty-five  seconds  without  the  least  evidences 
of  surging  at  the  instant  of  closing  of  the  switches.  Wdien  syn- 
chronized, loads  are  distributed  in  the  manner  usual  with  steam 
machin.ery,  the  governor  adjustment  being  accomplished  bv  an 
adjustable  lever  arm  attached  to  the  regulator  by  a  spring 
cushioned  oil  dash-pot.  In  practice  the  governors  are  so  ad- 
justed as  to  give  practically  the  sa.me  port  opening  at  the  mixing 
valves,  which  insures  a  fairly  even  distribution  of  load  at  the 
switchboard.  During  the  excessive  load  fluctuations  reproduced 
in  Fig.  I  the  units  showed  no  tendency  to  hunt :  in  fact,  op- 
erated with  the  greatest  stability  on  the  heavier  loads. 

EFFECT   OF    MISFIRES 

The   efYect  of  misfires  on   parallel  operation   has  been  sub- 
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ject  to  much  conjecture  and  it  is  of  interest  to  know  that,  al- 
though misfires  occur  now  and  then,  as  they  are  bound  to  do, 
in  not  a  single  instance  have  electrical  troubles  resulted  during 
normal  operation.  With  one  cylinder  entirely  isolated  by  a  de- 
fective igniter  it  is,  of  course,  probable  that  some  surging  would 
result,  but  the  misfires  that  do  occur  are  so  seldom  continued  and 
are  so  easily  remedied  that  no  trouble  whatever  is  apprehended 
from  this  source. 

GENERAL  RELIABILITY 

As  to  the  general  reliability,  the  facts  presented  are  self- 
explanatory.  After  six  weeks'  run  the  unit  first  started  was  shut 
down  to  examine  its  internal  condition.     Every  part  was  found 


KK;.    ,^ — <.K,\liKAl.    VIKU     OK    INTKKKlk    ( tK    WAKRKN    ^t    J  A  M  KM  (>\V  N     I'OUKK    IM  ANl. 
.SnOWINC    GAS    KNCINKS    DIKECT-CON  NECTED    TO    GENERATORS 

to  be  in  good  working  order,  witlioul  e\  idence  of  excessive  wear 
or  stress;  in  fact,  the  (-ylimlers  still  retained  their  original  tool- 
marks.  Since  then  the  engines  ha\e  lieen  in  such  constant  ser- 
vice that  no  opportimity  has  presented  itself  for  further  inspec- 
tion, and  all  detail  parts  are  operating  in  their  original  condition 
with  the  exception  of  the  igniters.     These  are  periodically  re- 
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ni(t\L'(l  for  ck'anin.iL;  durini;  the  early  iiii»niinj4'  ^llut-(l()\vll.  It 
is  a  sij^nificaiil  fact  that  in  spile  of  the  har<l  service,  exhaust, 
admission,  and  niixini^  \al\c'S,  piston  r(jds,  glands,  connecting 
rods,  main  biarings,  and  cylinders  ha\e  operated  without  mishap 
and  show  no  exidences  ot  abnormal  deterioration  after  seven 
months'  daily  run.  I'iston  rods  ha\e  done  exceptionally  well 
in  regard  to  wear,  owing  to  the  efficient  packing  and  method 
of  gland  lubrication;  both  rods  ha\e  retained  their  original  polish 
and  run   quite  clean   without  tendency  to  gum. 

OILING   SYSTEM 

Undoubtedly  no  small  part  of  the  success  in  operation  is 
traceable  to  the  oiling  system.  Realizing  that  oil  is  an  absolute 
essential  and  that  oilers  are  human  beings  and,  therefore,  not 
infallible,  the  designer  has  relieved  them  of  the  greater  part  of 
their  responsibility  by  using  a  continuous  circulating  and  filter- 
ing system.  This  also  results  in  a  great  saving  of  lubricant, 
which  in  turn  encourages  the  use  of  the  highest  grade  oil.  Cy- 
linder lubrication  is  particularh^  efifective  owing  to  the  judicious 
apjilication  of  lubricant  at  just  the  right  time.  The  oil  is  auto- 
matically injected  into  the  cylinder  at  several  points,  but  onl}- 
on  the  induction  stroke ;  not  promiscuously,  as  is  almost  uni- 
versally done,  resulting  in  the  carbonization  of  by  far  the  larg- 
est proportion.  By  the  end  of  the  compression  stroke  the  oil  is 
thoroughly  distributed.  Table  T  gives  the  oil  consumption  as 
charged  to  the  main  plant.  It  is  augmented  by  the  fact  that 
more  or  less  oil  is  drawn  out  of  the  system  weekly  for  use  in 
auxiliaries  around  the  plant,  this  being  replaced  by  fresh  oil. 
Some  cylinder  oil  is  also  saved  from  piston-rod  glands  as  all 
drainage  is  caught,  mixed  with  old  engine  oil,  and  utilized  in 
crank  cases  of  the  exciter  engines  for  which  no  oils  are  regu- 
larly purchased.  This  accounts  in  part  for  the  quantity  of 
cylinder  oil   used,  which  is  somewhat  higher  than  in   other  en- 

Taele  I.     Oil  Consumption 

For  ^Months  ending  May  23,  1906 

Cylinder  Oil.  Engine  Oil. 

Price  (barrel  lots) 32c  per  gal.  i8c  per  gal. 

Quantity  used 561  gals.  765  gals. 

Quantity  used  per   (operating)   day   ..    ..4. 68  gals.  6.38  gals. 

Oil  per  engine  hour 0.127  gals.  0.172  gals. 

Oil  per  hp   hr 0.000253  gals.  0.000345  gals. 

Cost  per  engine  hr 405c  3.1c 

Cost  per  hp  hr 0.00809c  0.00621c 

Total  cost 0.0143c  per  hp  hr. 
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gines  of  the  same  design.     A  gallon  per  engine  per  day  is  suf- 
ficient, in  most  cases,  with  clean  gas. 

WATER    CONSUMPTION 

Water  consumption,  however,  is  rather  low,  due  to  the  fact 
that  the  average  load  on  the  engine  is  considerably  below  rati.ig 
and  peaks  are  of  short  duration.  Owing  to  the  abundant  supplv 
available  the  jackets  are  run  unusually  cool  (See  Table  II.).  It  is 
noteworthy  that  successful  circulation  is  being  obtained  from 
the  elevated  tank  without  the  use  of  a  pressure  pump  to  supply 
pistons.  At  Warren  the  extraordinary  purity  of  the  water  makes 
clogging  of  water  ducts  improbable  and  lo  pounds  hydrostatic 
head  may   therefore  be   depended   upon   with   entire   safety. 

STARTING    MECHANISM 

The  automatic  compressed  air  starting  mechanism  has 
proven  to  be  one  of  the  most  effective  details  of  design  and  has 
never  failed,  providing  the  proper  pressure  is  maintained  in  the 
tanks  and  the  ignition  is  in  good  working  order.  In  starting  the 
engines  only  two  valves  are  manipulated,  viz.,  the  compressed  air 
valve  ami  the  gas  valve,  both  shown  in  the  foreground  in  Fig  3. 
and  usually  the  engine  "catches"  its  ignition  in  two  or  three 
strokes,  coming  rapidly  up  to  speed  within  one  minute. 

OPERATING    DATA 

In  the  accompanying  tables  an  attcmi>t  has  been  made  to 
summarize  the  most  important  oi)erating  data  pertaining  to  the 
power  equipment  of  the  system  for  a  period  covering  normal  op- 
eration under  dififerent  conditions.  Previous  to  December  the 
interurban  road  was  not  in  complete  shai)e  and  operating  data 
therefrom  would  not  be  representative.  The  car  mile  and  ton 
mile  has  been  taken  as  a  basis  for  all  computations,  and  Table 
III.  gives  the  fundamental  data  lor  arrixing  at  these  quantities. 

Tahle  II.     Water  Consumption — Main   Engines* 

Temperature  April  27,  1906. 

Inlet 39T  Rise 

Tail  rod,  av 100  6o°F 

Cylinder  jacket,  (av.) T06  67 

Exhaust  valve  (av.) 66&63  27  Si  24 

Outlet  average 93  54 

*  Source — Spring  water,  n^  sr.spended  matter. 
Storage  System — Cistern,  auto-raising  pump,  elevated  supply  tank. 
Pressure  at  Engines  Average — 9-10  pounds  per  square  incli. 
Quantity  used  per  hour  per  engine — 2^.^4.5  gallons. 
Water  per  iirake-lip  per  IiDur,   full-load— 5.65  gallons. 
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Tahle  III.     Sim  MARY  oi"  Operating  Cost  Data 


A.C.  Interurban  A.C.  Interurban 
System  Only    &  D.  C.  Urban 


A.C.  Interurban 
&  D.  C.  Urban 


Month    IGO.VCi 


Dec.  &  Apr.   Jan.  Feb.  Mch.|       May  (t) 


Interurban  schedule* 

Number  of  cans  in  all  regular  .service 
Weight  of  cars .' 


Iltadvvay 

l,:iy  over 

operating  time 

Total  number  round  trips. 
Total  mileage  per  car. 


Car  miles  per  day,  interurban... 
Car  miles  per  day,  city 

Total  car  mile.s 

Ton  miles  per  day,  iuterutban.. 
Ton  miles  per  day,  city 

Total  ton  miles 

.•\verage  tonnage  per  car 


\y^  hours 
2  passenger 
1  express 
31)  tons 


90  minutes 

60  minutes 

17J/^   hours 

14 

31.T 

•   fiiO 

(i3() 
22O.=>0 

•220.T0 
3.5 


V/^  hours 
2  pa.ssenger 
1  express 
35  tons 

90  minutes 

50  minutes 

W/j,  hours 

14 

<ao 

23H1 

3011 
22O.'i0 
27310 
493t;0 

it;.4 


1  hour 
3  passenger 
1  express 

3.')  tons 

(iO  minutes 

20  minutes 

18>i  hours 

20 

440 

H80 

23H1 

32C.] 

30800 

27310 

oSllO 

17..S2 


Month 

Cost  fuel  gas ; !  $2.57.10 

Wages  I  296.00 

Oil I  80.00 

Sundry  supplies  and  repairs i  100.00 


Total  cost  per  operating  hour 

Total  cost  per  (24  hr.)  hour 

Total  cost  per  car  operating  hour. 


Total  cost  per  average  car  mile. 
Total  cost  per  average  ton  mile  . 


$733.10    $24.18 


Day  Month      Day   Month      Day 


$382  90    $12.70  8394  95    $12.74 

371.00      12.37  371.00      12.37 

2.C3;  80.00        2.63 

3.291  100.00 ;      3.29 


$  8.43 
9.79 
2.65 
3.31 


$1.38 
1.01 
0.645 


3.84c 
0.1096c 


Gas  consumption! !"  per  "' 

Average  car  per  hour !  1,503 

Average  car  mile I       89.3 

Average  ton  mile 2.55 


$933.90 !  $31.05 


$1,774 
1.29.T 
0.194 


1.031c 
0.0629 


$945.95  I  $31.03 

fl.677 
1.294 

0.166 


0.95c 
0.0534 


Cu.  Ft.    Cost    Cu.  Ft.     Cost 

i2..5c        532         8.04c  :    434         6.81c 
1.34  28.3     0.427  I      26         0.391 

0.03831        1.7210.0261         1.46  10.022 


North  Total 

Sheffield.  Warren.  Citj.  or  Avg. 

Length  of  Line   (Miles) ii  3  7 

No.  Cars  in  regular  operation 2  i  4  7 

Headway,  Minutes 60  20  15 

Weight  of  Cars  (Avg.  Tons) 18  15  10  11.5 

Operating  hour  per  Day 17  17  17  17 

Car  Miles  per  Day 374  102  1905  2381 

Ton  Miles  per  Day 6730  1530  19050  27310 

fMay  expenses  (except  gas)  averaged  on  30  day  basis. 
*Warren  City  System. 

ttGas  from  "Bradford  sand"  Elk  County — i  000  B.   T.   LT.  per  cu.   ft.  ap- 
proximate. 

Price— 15c  per  million  B.  T.  U.=ic  per  66667  B.  T.  U. 
Equivalent  cost  of  coal  (13  500  B.  T.  LI.  per  lb.)  — 

$1.00  per  ton=  3.7c     per  mill  B.  T.  U. 

2.00  per  ton=:  7.41c  per  mill  B.  T.  U. 

15c  per  mill=$4.09  per  ton  coal.  .  4.00  per  ton=i4.82c  per  mjill  B.  T.  U. 

In  Table  III.  the  total  operating"  costs,  on  a  basis  of  car  and 
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ton  mile,  are  summarized  for  three  definite  operating  conditions. 
As  the  one-hour  schedule  has  been  in  force  only  about  one 
month,  the  costs  may  not  be  quite  as  representative  for  May  as 
those  covering-  i^-hour  headway.  Further,  the  costs  for  De- 
cember and  April  are,  if  anything,  high  for  the  reason  that  dur- 
ing April  the  interurban  plant  furnished  some  power  to  the  urban 
system  during  some  work  on  the  electrical  machinery,  although 
the  results  are  considered  as  applicable  to  the  interurban  system 
only.  In  order  to  render  the  results  from  May  more  comparable 
with  those  of  shorter  months  the  costs  (except  gas)  are  figured 
on  a  basis  of  30  days. 

Comparing  these  costs,  the  fact  appears  that  the  entire  42 
miles  of  railway  is  now  being  operated  for  about  $31.00  per  day, 
or  $1.67  per  operating  hour.  The  interurban  system,  running 
alone,  averaged  about  cue  per  ton  mile,  or  3.8c  per  car  mile  total 
operating  costs.  With  the  city  system  serving  to  increase  the 
load  factor  on  the  plant  the  total  operating  cost  per  ton  mile  was 
reduced  to  0.05c,  practically  half,  and  the  cost  per  car  mile  to 
less  than  ic.  Comparing  these  costs  with  those  of  independent 
operation  of  alternating-current  and  direct-current  plants  respec- 
tively, a  net  saving  in  fuel  of  approximately  20  per  cent,  has  been 
realized.  It  is  interesting  to  note  that  interurban  cars  alone  re- 
quire 89  cubic  feet  gas  per  car  mile,  or  2^  cubic  feet  per  ton 
mile ;  at  present  the  average  gas  consumption  is  26  cubic  feet  per 
car  mile  and  i-i  cubic  feet  per  ton  mile.  A  fuel  bill  of  $10.00  to 
$12.00  a  day  ior  42  miles  of  road  clearly  indicates  the  economy  of 
gas  power,  especially  with  the  price  of  gas  equivalent  to  $4.00 
coal.  Further,  note  that  the  eiTect  of  shortening  the  schedule  with 
a  third  interurban  car  is  barely  noticeable  on  the  exjiense  sheet, 
but  it  occasions  a  considerable  reduction  in  mileage  costs — from 
ro  to  15  per  cent.  These  figures,  although  not  as  accurate  and 
conq)rehensive  as  could  be  desired,  yet  are  significant  of  the  gen- 
eral all-around  commercial  efticiency  of  the  SN'stem  as  installed 
at  Warren. 


THE  UNION  SWITCH  AND  SIGNAL  COMPANY* 

H.  G.  PROUT 
First  Vice-President  and  General  Mana^'er 

Till'',  l'nii>n  Swilcli  and  Signal  Company  was  incorporated  in 
J  882.  J I  was  tlu'  uninn  of  tlu-  fild  'i\)ucey  and  Uuchanan 
Interlocking-  S\\  itcli  and  Signal  Company,  of  I  larrisburg, 
and  the  Union  Electric  Company,  I  think  it  was  called,  of  Boston. 
The  former  company  was  organized  as  far  back  as  1878,  ix>ssibly  a 
year  or  two  before  that.  That  company  was  organized  for  the  pur- 
pose of  making  and  installing  interlocking  apparatus,  for  the  inter- 
locking of  switches  and  signals,  and  that  was  in  the  very  dawn  of 
that  art  in  this  country.  It  began  here  in  1876,  when  the  first  inter- 
locking machine  was  brought  over  from  England  and  installed,  at 
the  time  of  the  Centemiial  Exhibition  in  Philadelphia.  These  two 
companies  had  begun  the  manufacture,  in  a  crude  and  simple  way, 
of  mechanical  interlocking  and  of  electric  apparatus  for  automatic 
signalling. 

I  am  not  sure  whether  or  not  it  is  appropriate  for  me  to  tell  you 
a  few  facts  about  what  interlocking  is,  but  I  will  venture  to  do  so. 
The  beginning  of  it  was  assembling  in  one  place  the  levers  by  which 
one  man  moved  the  switches  and  signals  at  some  distance  away. 
The  idea  was  that  one  man  would  be  able  to  do  in  this  central  cabin 
the  work  that  a  number  of  men  had  been  doing  out  on  the  ground. 
Furthermore,  there  was  the  advantage  of  having  control  from  one 
central  position  of  the  throwing  of  switches  and  signajs.  The  next 
step  was  to  interlock  these  levers  so  that  by  motion  of  a  light  bar 
lengthwise  oi  the  machine,  the  levers  could  be  locked  in  such  way 
that  they  could  be  only  moved  in  proper  sequence.  It  became 
mechanically  impossible,  by  interlocking,  for  a  man  to  give  a  signal 
to  permit  a  train  to  go  over  any  route  except  that  route  \vhich  was 
set  up.  Movement  would  be  stopped  by  a  danger  signal  until  the 
switches  were  set  up  and  after  that  was  done  the  lever  man  could 
pull  over  the  lever  which  gave  a  signal  to  permit  the  train  to  pass, 
and  by  doing  so  he  locked  the  other  levers  in  such  way  that  a  signal 
for  a  conflicting  route  could  not  be  given.  This  is  a  simple  and 
elementary  statement  of  the  theory  of  interlocking.  It  is  much  the 
same  as  if  the  keys  of  a  piano  were  connected  mechanically  in  such 
way  that  you  could  not  make  a  discord.  So,  therefore,  by  the 
interlocking  of  these  levers  in  one  central  place  3-ou  not  only  enable 


*This  article  is  a  revision  by  the  author   of   a    paper    delivered   before   a 
private  gathering  of  business  associates. — See  editorial  comment. 
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one  man  to  do  at  that  central  point  the  work  of  a  good  many  men 
on  the  ground,  but  you  make  it  safe  so  long  as  the  signals  are  obeyed. 

This  early  work  was  all  mechanical  interlocking,  as  we  call  it. 
Motion  was  communicated  from  the  levers  to  the  signal  or  switch 
by  a  man  pulling  over  levers.  After  Mr.  Westinghouse  got 
interested  in  this  matter,  with  the  amazing  foresight  that  he 
has,  that  great  grasp  of  the  future,  he  recognized  the  practicability 
of  moving  switches  and  signals  by  some  power  other  than  man  pow- 
er ;  and  so  he  and  those  associated  with  him  in  the  Union  Switch 
and  Signal  Company,  began  the  art  of  power  interlocking.  I  doubt 
if  any  of  the  foreign  inventors  were  as  early  in  this  field  as  the 
Americans  were,  and  power  interlocking  has  been  perfected  in  Amer- 
ica far  beyond  anything  dreamed  of  abroad.  That  is  the  natural 
sequence  of  our  conditions,  in  a  certain  way.  It  is  the  consecpence 
of  one  of  those  philosophical  facts  regulating  the  development  of 
manufacture  and  industry  in  this  country.  We  have  been  driven  to 
save  manual  labor  by  high  wages  paid  for  skilled  labor ;  so  ^Ir.  West- 
inghouse and  his  associates  very  early  began  the  development  of 
power  interlocking,  which  means  that  they  communicated  motion  to 
the  switch  out  on  the  grountl,  or  to  the  signal,  as  the  case  may  be, 
by  compressed  air.  The  air  is  distributed  from  a  compressing  sta- 
tion by  pipe  lines  and  tapped  off  to  the  cylinder  actuating  the  switch 
or  signal.  The  air  is  admitted  to  the  cylinder  where  it  does  its  work. 
6y  valves  controlled  by  electricity  from  the  central  station  by  moving 
a  lever  or  a  push  button.  That  is  peculiarly  the  invention  of  West- 
inghouse and  his  associates  in  the  Union  Switch  and  Signal  Compa- 
ny,  and  is  known  as  the  Westinghouse  elcctro-i)ncumatic  interlocking 
system. 

Tlie  inventors  of  America  also  conceived  the  idea  of  making  a 
train  set  its  own  signals  and  protect  itself  as  it  moves  through  a 
block  section.  That  is  accomplished  by  an  extension  of  the  same 
idea  that  was  carried  out  in  the  electric  pneumatic  interlocking  sys- 
tem. Current  llowing  through  the  rails  in  rui  insulated  block  section 
energizes  a  relay  which  holds  ojien  a  valve  which  keej^s  air  pressure 
in  the  signal  cylin<ler  and  so  holds  the  signal  clear.  When  a  jxiir  of 
wheels  goes  into  that  section  tlu'\-  shunt  the  track  circuit  and  it  is 
cut  out  from  the  controlling  relay  and  the  air  is  exhausted  from  the 
cylinder  which  holds  the  signal  clear,  and  the  signal  goes  to  tlanger 
by  gravity  and  continues  at  danger  so  long  as  the  train  is  in  this 
block  section. 

That  was  a  very  earlv  ilevelo[iment  of  automatic  signalling,  and 
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to-day  is  used  extensively.  Practically  all  the  automatic  signalling 
on  the  Pennsylvania  railroad  is  electro-pneumatic,  and  it  is  used 
also  very  considerably  on  other  roads.  P>ut  the  next  step  forward  in 
the  art  was  the  use  of  electricity  instead  of  compressed  air  as  a  mo- 
tive power.  Instead  of  using  an  air  cylinder  we  introduce  a  little 
electric  motor  and  the  circuit  through  the  rails  controls  the  operation 
of  this  motor,  which  clears  the  signal. 

This  method  of  automatic  signalling  has  advanced  with  tre- 
mendous rapidity.  The  Union  Switch  and  Signal  Company  brought 
out  its  first  electric  automatic  semaphore  signal  in  1897.  Then  the 
first  installation  of  these  signals  was  made  and  up  to  the  middle  of 
March  of  this  year  we  had  shipped  or  taken  orders  for  over  15  500 
of  these  automatic  electric  semaphores.  In  fact,  the  orders  we  book- 
ed in  the  first  two  months  of  this  year  exceeded  all  that  we  sold  in 
1905 ;  and  in  the  year  1905  and  up  to  the  present  time  of  1906,  I  sup- 
pose we  have  sold  more  automatic  electric  signals  than  we  sold  in 
all  the  preceding  years  of  the  company's  history. 

The  electro-pneumatic  signal  is  not  advancing  proportionately. 
I  suppose  our  total  sales  of  electro-pneumatic  signals  are  about  half 
as  great  as  of  the  others.  That  arises  from  the  fact  that  the  cost  of 
tlie  installation  of  the  electro-pneumatic  signal  is  more  than  the  first 
cost  of  installation  of  the  electric  signal,  as  it  is  necessary  to  have 
the  compressor  stations  at  comparatively  frecjuent  intervals  and  the 
pipe  for  distributing  the  power.  But  the  electro-pneumatic  signal 
has  the  great  advantage  of  the  extreme  simplicity  and  durability  of 
the  working  parts,  and  also  the  advantage  of  having  a  considerable 
amount  of  reserve  power,  so  that  where  railroads  can  aflford  to  put 
it  in,  it  is  preferred.  There  is,  for  instance,  on  the  Pennsylvania 
railroad  a  great  amount  of  4-track  line  and  the  first  cost  and  the  cost 
of  operation  of  this  apparatus  when  it  is  distributed  over  a  great 
number  of  traffic  units,  becomes  comparatively  insignificant,  but  for 
an  ordinary  double  track  road  the  electro-pneumatic  signal  is  seldom 
installed. 

Somewhat  the  same  reasons  prevail  in  the  choice  between  elec- 
tro-pneumatic and  electric  interlocking,  but  in  the  biggest  yards 
where  the  conditions  are  most  critical  and  where  it  is  of  vital  import- 
ance that  everything  should  be  durable  and  reliable,  electro-pneu- 
matic interlocking  is  preferred. 

The  development  oi  the  electro-pneumatic  interlocking  has  ad- 
vanced from  the  very  simple  interlocking  I  suggested  a  little  while 
ago  to  its  culmination  in  the  installation  which  we  made  at  St.  Louis, 
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just  at  the  beginning  of  the  Exhibition.  We  put  in  a  plant  there  to 
replace  an  old  one  which  had  become  inadequate,  and  installed  an 
electro-pneumatic  machine  of  215  levers  which  does  the  work  of  800 
mechanical  levers.     That  is  the  biggest  machine  yet  installed. 

The  Union  Switch  and  Signal  Company  passed  through  a  period 
of  severe  struggles,  because  it  was  doing  for  a  good  many  years 
m.issionary  work  and  development  work.  The  railroads  of  the 
United  States  would  not  accept  interlocking  as  a  necessity  by  any 
manner  of  means,  nor  did  they  accept  block  signalling  as  a  necessity, 
and  it  took  a  great  deal  of  patience  and  heavy  investment  to  edu- 
cate the  roads  up  to  the  fact  that  it  was  advantageous  for  them  to 
use  these  safety  appliances.  Furthermore,  the  development  of  power 
interlocking  and  automatic  signalling,  of  which  I  have  been  speak- 
ing, cost  a  great  deal  of  money,  and  the  result  was  that  for  years  the 
company  struggled  hard.  Finally  the  returns  began  to  come  in  and 
now  we  are  getting  the  benefit  of  the  seed  that  was  sown.  Last  year 
we  did  an  aggregate  business  of  three  million  dollars,  and  this  year 
we  hope  to  do  considerably  more. 

The  product  turned  out  by  the  Union  Switch  and  Signal  Com- 
pany is  extremely  varied.  It  would  be  difficult  for  you  to  imagine 
how  varied  our  product  is  unless  you  could  go  through  our  shops. 
We  make  all  our  electrical  apparatus,  except  certain  substation  appa- 
ratus of  considerable  size.  We  are  now  turning  out  600  relays  a 
week  and  turning  out  50  complete  automatic  electric  semajihorcs  a 
day.  That  involves  pretty  high-class  electrical  work.  We  of  course 
make  a  great  deal  of  simple  product.  For  instance,  our  foundry 
melts  about  60000  ])oun(ls  of  iron  a  chiv.  and  wc  have  a  large  forge 
shop. 

Our  shops  at  this  moment  have  about  nine  acres  of  floor  spac;: 
and  we  are  employing  on  our  rolls  at  the  shops  a  force  of  2  000  men. 
and  have  600  men  at  work  outside  on  installations. 

Now.  as  to  t)ur  commercial  relations  with  the  railroail  com- 
panies. We  make  contracts  for  the  installation  of  complete  equip- 
ments of  interlocking  or  of  block  signalling.  We  make  lump  sum 
contracts  and  undertake  to  install  and  deliver  the  goods  ready  to  go 
to  work  for  a  lump  sum.  That,  until  (|uite  recently,  has  been  almost 
the  only  form  of  contract  we  have  made;  but  within  the  last  two 
years  we  have  been  developing  more  and  more  the  percentage  con- 
tract idea,  which  introduces  the  professit^ial  element. 

We  do  now  a  pretty  good  business  in  selling  material  for  new 
and  complete  installations  right  at  our  door.     Railroad  companies 
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are  now  installing  for  themselves  and  that  has  come  to  be  a  consid- 
erable practice.  That  has  only  been  possible,  however,  within  recent 
times,  for  the  reason  that  the  men  competent  to  do  that  installation 
work  have  not  been  at  all  readily  obtained  outside  of  the  ranks  of  the 
Union  Switch  and  Signal  Comj)any.  In  fact,  a  considerable  percent- 
age of  the  signal  engineers  of  the  companies  at  this  time  are  men 
who  have  been  educated  in  our  shops  and  offices.  We  furnish  a 
stream  of  such  men  to  the  companies,  but  at  the  moment  we  have  not 
enough  men  for  ourselves.  The  art  is  developing  so  rapidly  that  I 
apprehend  within  the  next  six  months  we  shall  have  more  difficulty 
in  getting  competent  men  than  we  shall  have  in  delivering  the  mate- 
rial from  our  shops. 

That  leads  me  to  say  something  about  the  signal  engineer  him- 
self. The  signal  engineer  has  up  to  a  very  recent  time  not  occupied 
the  position  in  professional  estimation  that  he  is  entitled  to.  That 
is  the  result  of  a  good  many  things ;  but  it  is  to  a  certain  degree  the 
result  of  the  fact  that  the  railroad  officers  themselves  approach  this 
matter  of  signalling  and  interlocking  from  a  somewhat  wrong  stand- 
point. They  look  upon  it  merely  as  insurance,  and  everybody  hates 
to  pay  for  insurance,  and  everything  connected  with  insurance  is  a 
nuisance.  The  fact  is  that  it  should  be  looked  upon  as  a  means  of 
increasing  the  earning  capacity  of  the  railroads.  That  is  to  say,  on  a 
properly  signalled  road  you  can  get  more  work  out  of  a  unit  of  track 
than  you  could  if  it  were  not  properly  signalled  ;  and  the  same  thing 
holds  true  to  a  greater  degree  in  a  big  yard.  It  has  become  now 
fairly  well  recognized  that  a  great  yard  cannot  be  worked  economi- 
cally or  advantageously  without  power  interlocking.  So,  as  I  say. 
there  is  a  misconception  on  the  part  of  many  railroad  officers  as  to 
the  true  function  of  signalling  and  interlocking,  and  this  has  been  to 
a  considerable  degree  responsible  for  the  fact  that  the  signal  engineer 
has  not  had  the  recognition  and  the  professional  position  to  which  he 
is  entitled. 

Proper  block  signalling  on  every  railroad  is  a  problem  by  itself, 
and  the  proper  block  signalling  on  each  division  of  any  railroad  is 
more  or  less  peculiar  to  itself.  There  are  a  great  many  conditions 
that  have  to  be  studied  in  order  to  get  up  the  most  efficient  scheme  of 
block  signals.  There  are  the  grades,  the  curves,  the  maximum  speed 
of  trains,  the  nature  of  the  traffic,  all  these  things  have  to  be  consid- 
ered. It  will  be  obvious  to  you  at  once  that  the  block  signals  have 
to  be  spaced  somewhat  with  a  view  to  the  maximum  speed  of  the 
trains  working  over  a  given  piece  o'f  track.     You  must  have  stopping 
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distances.  A  communication  was  written  by  Mr.  Westinghouse  a 
few  years  ago,  and  published  in  the  journal  of  \^•hich  I  was 
then  editor,  designed  to  point  out  that  under  the  conditions  then 
existing,  and  in  fact  existing  to-day,  as  far  as  braking  power  goes, 
the  signalling  of  the  best  of  the  roads  was  inadequate  for  very  great 
speeds.  He  pointed  out  that  if  a  man  were  called  tipon  to  stop  his 
train  from  a  speed  of  90  miles  an  hour  on  a  level  track  with  a  dry 
rail,  at  the  end  of  16  seconds  he  would  have  run  i  800  feet  and 
would  still  be  running  at  61  miles  an  hour.  The  laying  out  of  the 
blocks  must  be  a  function  of  the  maximum  speed.  But  if  you  make 
the  blocks  very  long  you  at  once  limit  the  number  of  trains  passing 
■">v^er  the  road  because  your  trains  must  be  spaced  the  length  of  a 
block  apart :  so  to  properly  judge  how  you  are  going  to  get  the  max- 
imum train  movement  for  any  given  bit  of  railroad,  giving  the  con- 
ditions obtaining  on  that  railroad,  becomes  a  nice  piece  of  civil  en- 
gineering. That  problem  was  a  very  pretty  one  in  laying  out  the 
signalling  of  the  subway  in  Xew  York. 

But  when  you  come  to  the  proper  interlocking  of  a  great  com- 
plicated yard,  the  situation  becomes  even  more  serious  and  complex, 
and  it  requires  considerable  experience  and  some  power  of  analysis 
to  lay  out  the  tracks  and  signal  up  the  yard,  fixing  the  routes  so  as  to 
get  the  greatest  efficiency  out  of  that  yard.  That  is  all  within  the 
province  of  the  signal  engineer,  and  he  is  qualifying  himself  to  a  con- 
siderable extent  to  become  transportation  officer,  and  one  line  of 
promotion  on  the  great  railroads  will  be  from  the  signal  engineer  to 
the  transportation  department.  Then  again,  the  signal  engineer,  as 
the  art  is  develo])ing  now,  has  gotten  to  be  a  pretty  good  mechanical 
engineer  and  an  electrical  engineer  besides.  Recognizir.g  some  of 
these  things,  we  have  introduced  an  ai)prenliceship  course  at  Swiss- 
vale. 


"Without  the  various  methods  of  electrical  control  that  have 
been  devised  and  are  in  general  use,  it  would  be  utterly  impossible 
for  the  great  railways  of  the  world  to  carry  one-half  the  traffic  they 
they  are  now  dealing  with  daily  with  safety  and  despatch.  In  this 
branch  of  electrical  work  steady  progress  is  being  made,  antl  apart 
from  the  question  of  haulage  the  extension  of  the  methods  of  elec- 
trical control  will  probably  be  considerable  in  the  immediate  future." 
Inaugural  address  of  John  Gavey.  jM-esideut,  The  (  P>rilisli)  Institu- 
tion of  PMectrical  Engineers. 


THE  ROLL  MOTORS   OF  AN  ELECTRICALLY 
OPERATED  RAIL  MILL 

B.  WILEY 

RAIL  MILL  No.  3,  at  the  Edgar  Thompson  Works  of  the  Car- 
negie Steel  Company,  has  the  distinction  of  being  the  first 
rolling  mill  entirely  equipped  with  electric  motors.  These 
motors  are  of  the  220-235  volt,  direct-current  type.  There  are  two 
main  motors  of  i  500  hp  each,  driving  rolls  and  18  other  motors 
ranging  in  size  from  25  hp  to  90  hp  on  the  auxiliary  equipment  used 
in  rolling.  The  general  arrangement  of  the  mill  proper  is  shown 
in  Fig.  I.  There  are  two  trains  of  rolls  Xo.  i  and  No.  2,  each  of 
which  is  direct-connected  to  a  i  500  hp  motor.  Each  train  consists 
of  two  sets  of  rolls  and  all  except  the  outside  set,  or  finishing  pass  of 
No.  2  train,  are  three  high.  There  are  tilting  tables  at  the  No.  i 
rolls  to  convey  the  pieces  from  the  bottom  to  the  top  passes  and  an 
inclined  table  to  guide  the  pieces  into  the  bottom  pass  after  leaving 
the  top  pass  of  No.  2  and  No.  3  rolls.  The  remaining  equipment  of 
the  mill  proper  consists  of  heating  furnaces,  drawing  machines  and 
roll  tables,  marked  A,  B  and  C  respectively.  The  omitted  apparatus 
consists  of  hot  saws,  cooling  beds,  straightening  presses  and  drills, 
these  being  located  in  the  lower  part  of  the  mill. 

THE  ROLL   MOTORS 

The  roll  motors  are  duplicates  and  are  of  the  two  bearing  type 
as  shown  in  Fig.  2.  They  were  furnished  by  the  Westinghousc 
Electric  &  Manufacturing  Company  and  are  direct-current,  i  500 
lip,  30  pole,  235  volt,  compound -wound  with  15  per  cent,  series  field 
excitation;  and  have  a  normal  range  of  speed  from  125  r.p.m.  at 
no-load  to  100  r.p.m.  at  full-load. 

Particular  attention  was  given  in  the  selection  and  design  of 
the  motors  to  the  question  of  capacity  and  mechanical  strength. 
The  shaft  is  28  inches  in  diameter  at  the  fly-wheel  and  the  bearings 
are  25  inches  in  diameter  and  62  inches  long.  They  are  lined  with 
Babbitt  metal,  and  although  of  the  oil  ring  type,  are  water  cooled. 
This  is  an  extra  precaution  against  an  accident  due  to  heating,  as  the 
oiling  alone  gives  good  service.  A  large  babbitted  thrust  collar  is 
mounted  on  the  shaft  on  the  outside  bearing  next  to  the  mill.  The 
outer  end  wall  of  this  bearing  is  five  inches  thick  and  acts  as  a  seat 
for  the  collar.  This  arrangement  provides  for  the  end  thrust  which 
misfht  occur  should  there  be  a  diagonal  break  of  the  shaft  in  the  mill. 
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If  this  thrust  was  not  provided 
for  in  some  way  serious  damage 
to  the  motor  armature  might  re- 
sult. 

A  heavy  cast  steel  fly-wheel  of 
the  segment  type  is  mounted  on 
the  shaft  next  the  armature  on 
the  mill  side.  It  weighs  125  ooo 
pounds,  is  18  feet  in  diameter 
and  at  130  r.p.m.  has  a  peripheral 
speed  of  123  feet  per  second. 
The  radius  of  gyration  is  ap- 
proximately 6.75  feet. 

There  have  been  many  cases 
where    the    motors    selected    for 
mill  work  have  proven  too  small 
and  it  has  been  necessary  to  in- 
stall larger  machines.    Although 
J    the  capacity  of  the  original  mo- 
g    tor    might    have    been    sufficient 
-    for  the  normal  load,  the  exces- 
z    sive    electrical     and     mechanical 
t    strains   due  to  the   reversing  of 
"    the  motor    caused    trouble.       In 
r    other  cases  the  location  was  not 
favorable  and  external  heat  and 
dirt  caused  breakdowns.       As  a 
result  of  these  experiences  there 
has  been  a  growing  tendency  to 
use  a  more  liberal  safety  factor 
in     selecting    motors     for    steel 
])lant  work. 

These  rc^ll  motors  arc  cx- 
ami)les  of  what  is  considered 
g(^od  practice  in  this  respect  for 
both  the  mcclianioal  and  electri- 
cal featiuTs  have  lieen  given 
generous  consideration.  This 
statement  has  been  verified  by 
actual  practice  during  the  eight 
months  of  operation  —  as  no 
trouble  has  been  experienced. 
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SWITCIT   r.OARl)  AND  STAKIIXG  DF.VICF.S 

A  switch  board  and  starter  as  shown  in  W^.  3  is  provided  for 
each  motor.  The  starter  was  deesi.^ned  and  built  l)y  tlic  Cutler- 
Mainnu'r  Coni])any  and  is  coni])osc(l  of  twelve  lars^e,  s])ecial  type 
hand  switches,  so  arranged  with  a  mechanical  interlock  that  it  is 
impossil)le  to  close  them  exce])t  in  their  ])ro])er  order.  To  prevent 
the  motor  from  racing',  two  sliLmt  field  relays  are  so  arranged  thar 
one  of  the  circuit  breakers  and  all  of  the  starting  switches  will  1)e 
tripped  in  case  the  shunt  field  circuit  of  the  mritor  is  opened  v\-hile  the 
motor  is  running.  To  prevent  injury  from  excessive  speed  each 
motor  is  provided  with  a  centrifugal  speed  limit  device  placed  on  the 


FIG.    2 — I  500    HP    MOTOR    INSTALLED 

outer  end  of  the  armature  shaft  and  mechanically  connected  to  one 
of  the  circuit  breakers  by  a  series  of  linked  rods.  As  a  further  pro- 
tection the  second  circuit  breaker  is  provided  with  a  no-voltage  coil 
which  opens  the  motor  circuit  in  case  of  failure  of  the  line  circuit, 
Each  motor  is  provided  with  a  separate  resistance  of  unusual 
design,  the  steel  mill  idea  of  steadiness  and  reliability  being  well  ex- 
emplified. Each  bank  of  resistance  consists  of  105  thirty  foot 
lengths  of  25  pound  steel  T-rails  and  295  lengths  of  40  pound  rails. 
The  supporting  rack  is  also  constructed  of  rails  and  insulated  by 
special  shaped  fire  brick.     The  capacity  of  the  resistance  is  such  that 
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the  motors  can  be  run  on  any  desired  point  of  the  resistance  without 
undue  heating. 

OPERATION  OF  THE  MILL 

No.  3  mill  was  designed  originally  to  re-roll  discarded  T-rails 
of  an  imperfect  section  (commonly  called  seconds)  into  smaller  sec- 
tions. Thus  rails  weighing  50  to  90  pounds  per  yard  are  reduced  to 
either  16  or  20  pound  sections.  It  was  found  that  the  supply  of  sec- 
onds was  not  sufficient  to  keep  the  mill  in  continuous  operation  and 
the  scheme  of  rolling  the  smaller  sizes  of  T-rails  from  square  bil- 
lets was  developed,  the  sizes  of  billets  for  the  16  and  25 
pound  sections  being  2^4  by  2^  inches  and  3^  by  3J^  inches  re- 
spectively.    The  length  of  the  stock  in  all  cases  ranges  from  16  to  20 


riC.     3 — FUONT     VIEW     OK     SWITCUBOAKD     FOR    0N1-:    THE    I  5OO    HP    MOTOUS 

feet  and  the  finished  product  is  generally  in  three  thirty  foot  lengths. 
The  stock  is  fed  into  the  natural  gas  heating  furnace  at  the  rear 
by  a  motor  driven  pusher;  and.  after  the  heating  |K>ri(,)d,  it  is  remov- 
ed by  a  drawing  inachine  and  carried  lo  the  rolls  b\-  the  roller  tables. 
I'ig.  4  gives  ihe  passes  tor  the  re-rolling  process  in  a  diagrammatic 
form.  Xos.  I,  2.  3,  6  and  y  passes  are  made  in  llu'  lirst  set  of  rolls 
and  .\os.  4,  5  and  (S  passes  occur  in  \o.  2  train. 

TEST    KIC.\m\GS 

A  series  of  tests  were  recently  made  on  Xo.  1  motor.       I'lie  pur- 
poses of  the  test  were  : 

jMrst — To  deternhne  the  genercd  working  condition  of  the  mill 
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as  shown  by  simuUancous  readitii^s  of  tho  current,  voltaic  and  speed 
for  successive  conditions  in  rc,L;ular  operation. 

Second — To  obtain  readings  of  the  cycles  of  operation  during 
the  reduction  of  the  rails  and  to  plot  these  cycles  just  as  they  occur 
in  tlieir  over-lapping  stages  in  order  to  show  the  i)ower  requirements 
for  the  different  periods. 

Tliird — To  determine  in  a  general  way  "the  value  of  the  lly-wheel 
as  an  C(|ualizer  of  the    motor  load. 

I'^or  this  last  case  in  ])articular.  continuous  curve  readings  of  the 
speed  and  power  were  very  desirable.  Fly-wheel  data  can 
be  obtained  only  when  the  rate  at  which  the  power  is  stored  up  or 
given  out  can  be  ascertained.  Continuous  reading  instruments  were 
not  available,  but  it  was  decided  that  practical  data  could  be  obtained 

by  plotting  curves  from 
2ndR//  /Pir.;on  of   five    sccoud   readings 

of  the  speed  and  load. 
The  results  as  shown  in 
I*"ig.  5  give  a  good  idea 
of  the  average  condi- 
tions of  rolling. 

Fig  6  gives  a  dia- 
gram of  the  connections 
of  the  instruments  used. 
The  milli-voltmeter  MV 
was  calibrated  with  the 
switchboard  ammeter 
shunt  and  a  multiplier 
was  used  to  obtain  the  ampere  readings.  All  the  instruments 
used  were  such  as  are  commonly  found  in  electrical  and  mechanical 
testing  outfits. 

The  readings  of  current  and  speed,  and  the  number  of  the  passes 
occupied  were  noted  every  five  seconds  for  a  period  of  five  minutes 
per  run.  Wattmeter  readings  were  taken  at  the  beginning  and  end 
of  each  run  and  the  friction  load  of  the  mill  running  light  was  noted. 
A  recording  voltmeter  gave  a  check  on  the  line  voltage.  A  series  of 
readings  was  taken  to  determine  the  cycle  of  operations  of  one  rail  as 
it  passed  through  the  mill  and  a  standard  chart  was  plotted,  showing 
the  time  that  the  piece  was  in  and  out  of  the  rolls  from  the  first  to  the 
eighth  pass.  This  standard  chart  proved  to  be  an  excellent  means 
of  checking  the  layout  of  the  pass  charts  of  the  various  sets  of  read- 
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ings.  The  chart  for  run  No.  13  is  shown  in  the  lower  part  of  Fig.  5. 
The  observations  gave  only  the  passes  occupied  at  the  five  second 
intervals.  These  periods  were  marked  and  the  standard  chart  ap- 
plied to  complete  the  diagram. 

As  there  were  at  least  five  and  sometimes  seven  points  in  com- 
mon, the  standard  chart  could  be  superimposed  on  the  observed  read- 
ings within  a  very  close  range  of  the  true  position. 

Fig.  5  also  shows  the  current  and  speed  readings  in  plotted  curves. 
As  the  voltage  remained  practically  constant  the  curve  as  recorded  by 
the  voltmeter  was  not  drawn.  When  there  is  but  one  piece  in  the  mill 
the  current  varies  from  2  503  to  3  500  amperes,  the  first  few  passes 
being  the  lightest  loads.  During  the  test  there  was  an  average  of  six 
pieces  in  the  mill  at  the  same  time  and  occasionally  the  maximum 

load  on  No.  i  motor  includ- 
ed three  passes.  It  requir- 
ed approximately  two  min- 
utes to  roll  one  piece ;  and, 
iat  this  rate,  the  capacity 
of  the  mill  is  4  800  thirty 
foot  rails  in  twelve  hours, 
allowing  y^  per  cent,  of  the 
period  as  actual  working 
time.  The  power  required 
to  roll   15  pieces  of  90  lb. 

FIG.  6 — DIAGRAM  OF  CONNECTIONS  rail  to  a  i6  lb.  section  dur- 

M — motor;    F  —  flywheel;   R  —  resistance;       •.,  .  .1      r-  •      , 

W-reco^ding  wattmeter,  500  amperes.  250  '"8  the  five  mmutc  run  was 
volt,  multiplier  500;  V — voltmeter;  I\1V  90  kilowatt-hours,  includ- 
— mili-voltnietcr ;    S — speed   indicator  •  o 

1  n  g     an    i  8o3    ampere 

friction  load  of  the  mill.  This  gives  an  average  of  56  kilowatt-hours 
per  piece.  When  billots  are  used  as  stock  this  section  requires  only 
47  kilowatt-hours.  The  friction  load  varies  from  i  200  to  i  800 
amperes  at  230  volts  according  to  the  way  the  mill  is  keyed  up.  A 
maximinn  working  load  of  6000  ami^eres  is  occasionally  reached 
but  this  is  well  within  the  range  of  the  motor.  The  excessive  loads 
occur  when  the  stock  is  not  well  heated  or  when  it  cools  below  the 
proper  rolling  temperature,  due  to  a  dolav  in  the  mill.  The  mini- 
mum reading  during  the  test  was  3  250  amperes  and  the  maximum 
reading  reached  5  000  amperes,  giving  an  average  of  4  700  amperes 
as  figured  from  the  wattmeter  readings.  Tn  mechanical  power  de- 
veloped, this  gives  a  friction  load  of  500  hj)  and  a  working  load  vary- 
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ins4'  from  (^50  to  I  450  h\)  willi  an  occasional  load  of  i  /oq  hp.     The 
lluclnatini,^  load  at  the  rolls  is  considerably  ^^reater  than  this  and  the 


equalizing-  effect  of  the   tly-wheel  on  the  motor  load   is  very   pro- 
nounced.    The  motor  slows  down  with  an  increase  of  load  owing  to 
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the  inherent  speed  regulation  due  to  the  compounding.  During  this 
period  the  fly-wheel  gives  up  energy  and  assists  in  driving  the  mill. 
When  the  load  is  decreased  the  motor  speed  increases  and  stores  en- 
ergy in  the  fly-wheel.  The  ideal  cycle  of  operation  is  obtained  when 
the  period  of  maximum  load  in  the  mill  is  accompanied  by  a  reduc- 
tion in  speed  from  the  maximum  to  the  minimum  limit  so  that  the 
fly-wheel  may  contribute  the  greatest  practicable  amount  of  energy, 
thereby  reducing  the  load  upon  the  motor.  The  intervals  of  light 
load  in  the  mill  should  allow  the  motor  to  accelerate  the  fly-wheel  to 
the  highest  speed.  The  tendency  of  the  fly-wheel  is  therefore  to 
produce  a  constant  motor  load,  and  thus  allow  the  use  of  electrical 
equipment  of  smaller  size  and  to  decrease  the  demands  upon  the 
power  station. 

In  case  the  fly-wheel  had  not  been  used  the  current  would  have 
reached  the  values  shown  by  curves  A  and  B  in  Fig  5.  These  values 
were  obtained  by  assuming  a  constant  output  and  intake  of  fly-wheel 
energy  during  the  period  of  slow  down  and  acceleration  respect- 
ively. The  corresponding  current  values  w^re  added  and  subtracted 
accordingly  from  the  test  readings.  These  are  only  ai)proximate 
quantities  but  they  tend  to  show  the  influence  of  the  fly-wheel ;  and. 
for  the  average  conditions  it  can  be  said  that  the  fluctuations  of  the 
motor  load  are  only  about  one-half  of  what  they  would  be  without 
the  fly-wheel.  The  cur\'es  show  a  periodic  rise  and  fall  of  the  cur- 
rent at  intervals  of  approximately  fifteen  seconds  between  peak 
loads. 

.\i)\A.\TA(;i-:s  oi"  i-:LKC"rKU'  nRi\M'. 

The  points  of  advantage  over  steam  and  hydraulic  power  di- 
rectly applied  are:  Low  operative  cost,  reliability  and  flexibility  of 
speed  characteristics.  By  various  rheostatic  combinations  a  num- 
ber of  speeds  can  be  obtained  with  little  sacrifice  of  efficiency,  a  con- 
dition which  is  not  true  with  steam  equipments. 

A  central  electric  station  ec|uipped  with  gas  engines  using  blast 
furnace  gas  is  the  most  economical  arrangement  for  a  steel  plant. 
Gas  engines  are  not  well  adapted  to  variable  speed  and  reversing 
under  the  conditions  of  load  such  as  that  required  in  direct-connect- 
ed rolling  mill  work.  Hence  it  is  necessary  to  interi-)Ose  flexible 
speed  drive  regulation  between  the  engines  and  the  mill.  This  is 
the  principal  function  of  the  electrical  equipment,  as  by  its  use  the 
station  load  can  be  made  practically  constant. 


TESTS  OF  LARGE  SHAFT  BEARINGS 

ALBKRT  KINGSBlkY 

T1II{  tjperation  of  bearings  of  large  generators  in  which  the 
rotating  weights  are  very  heavy  and  the  speeds  are  high 
involves  problems  which  are  not  w^ithin  the  range  of  ordi- 
nary practice.  When  it  was  suggested  to  run  the  5  000 
kw  generators  which  w^ere  proposed  for  the  Niagara  I-'alls  Hy- 
draulic Power  &  Manufacturing  Company,  and  which  were  to  have 
rotating  fields  weighing  approximately  icx)000  i)ounds,  at  a  speed  of 
300  revolutions  per  minute,  the  engineers  of  the  Hydraulic  Com- 
pany felt  that  the  work  should  not  be  undertaken  until  tests  were 
made.  As  a  result  special  apparatus  was  built  at  the  request  of  the 
Hydraulic  Company  and  the  tests  were  made  under  the  direction  of 
the  author  at  the  works  of  the  Westinghouse  Electric  &  Manufac- 
turing Company. 

The  apparatus,  as  shown  in  Figs,  i  and  2,  consisted  of  a  hori- 
zontal shaft  supported  in  two  bearings  each  nine  inches  in  diameter 
thirty  inches  long,  with  a  third  bearing  fifteen  inches  in  diameter  and 
forty  inches  long  midway  between  the  supporting  bearings.  The 
fifteen  inch  bearing  was  pressed  upward  against  the  shaft  by  means 
of  a  lever  made  from  two  fifteen  inch  I-beams  weighted  at  its  outer 
end.  The  nine-inch  bearings  each  carried  half  the  load,  less  half 
the  weight  of  the  shaft.  These  three  bearings  are  designated  A,  B 
and  C,  beginning  at  the  left  in  Fig.  i.  The  shaft  was  driven  by  a 
Westinghouse  No.  50  (150  hp)  direct-current  railway  motor;  for 
shaft  speeds  not  exceeding  500  r.  p.  m.,  the  motor  was  mounted  as 
shown  in  the  figures,  wdth  21-teeth  and  50-teeth  gear;  for  higher 
speeds  the  motor  was  mounted  on  the  floor,  with  a  twenty-six  inch 
pulley  on  the  armature  shaft  and  tw^elve  inch  pulley  on  the  test 
shaft,  driving  by  an  eight-inch  double  leather  belt.  The  electrical 
power  supplied  to  the  motor  was  the  only  available  basis  for  estima- 
ting the  friction  of  the  bearings,  the  motor  efficiency  being  approxi- 
mately 67  per  cent  at  45  to  54  amperes,  and  85  per  cent  at  114  to  127 
amperes.  The  total  power  consumed  by  the  bearings  A,  B  and  C 
was  approximately  determined,  but  their  separate  frictions  could 
not  be  found. 

The  shaft  journals  were  made  true  with  lead  laps  and  finished 
with  emery  cloth.  The  bearings  were  lined  with  genuine  babbitt 
metal,  scraped  to  fit  the  shaft.  The  clearance  over  the  top  and  sides 
was  about  .03  inch  in  B,  and  this  proved  to  be  &mple.    The  vertical 
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clearance  in  A  and  C  was  but  .007  (jr  .008  inch  and  was  not  enough 
to  provide  for  the  expansion  of  the  shaft  and  inner  part  of  the  bear- 
ings under  the  rapid  heating  of  the  most  severe  tests.  The  bearing 
sleeve  of  B  was  cored  for  water  cooHng;  the  lower  half  only  was 
connected  for  water  circulation,  with  thermometer  wells  at  inlet 
and  outlet,  and  with  a  one-inch  water  meter  at  the  inlet. 

The  bearings  were  flooded  with  oil  from  a  small  supply  tank. 
The  drip  was  returned  to  the  tank  by  a  motor-driven  pump,  through 
a  coil  of  140  feet  of  one-inch  pipe,  with  provision  for  water  cooling, 
as  desired.     The  oil  supply  pipe  to  each  bearing  was  connected  into 


FIG.     2 — VIEW     SHOWING     ARRANGEMENT     OF     BEARINGS     AND     APPAR.\TUS     DUR- 
ING    TESTS 

a  wide  and  deep  groove  in  the  face  of  the  babbitt,  parallel  to  the 
shaft  and  extending  nearly  the  full  length  of  the  bearing.  The 
groove  was  located  at  the  top  of  the  bearing  in  B,  and  at  the  side 
in  A  and  C. 

TTie  test  runs  were  generally  of  about  seven  hours  duration 
each  day,  starting  with  all  parts  cool,  and  bringing  the  shaft  up  to 
full  speed  as  quickly  as  possible.  If  th^  speed  was  quickly  raised 
to  about  I  000  r.  p.  m.  it  was  found  that  the  expansion  of  the  shaft 
and  inner  part  of  the  bearings  caused  binding,  particularly  in  the 
bearing  C;  hence  to  reach  the  higher  speeds  it  was  necessary  to  ac- 
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cclcrato  slowly  allowing  at  least  three  hours  for  heating  the  outer 
parts.  The  load  was  relieved  at  starting  because  of  the  very  great 
torque  'that  would  be  required  for  starting  under  load. 

Bearings  A  and  B  became  somewhat  damaged  apparently  from 
raising  the  speed  too  rapidly  in  the  final  run  ( Xo.  13),  Table  I,  in 
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which  a  speed  of  about  1  350  r.  p.  nu.  was  allaiiicd  williin  four  and 
one-half  hours,  including  a  slop  of  one  and  one-half  hours,  ihc  load 
being   101  000  lbs. 

The  thickness  of  ihe  oil  film  between  the  shaft  and  the  bear- 
ing F  was  measurcnl  at  successively  reduced  speeds  undiM*  a  load  of 
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94000  lbs.  at  the  close  rif  lest  niii  No.  T2.  Four  "I'.ath"  latlie  indi- 
cators were  used  for  tliis  ])iir]i()se,  two  bcinj^  attached  to  each  cnrl 
of  tlie  housing,  witli  contacts  (in  the  shaft  at  the  positions  D  and 
E,  respectively  (Fig.  3).    Hie  relative  displacement  of  the  shaft  and 
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FIG.     4 — CURVES      SHOWING      RELATIVE      VISCOSITY      OF      HEAVY      MACHINE      OIL, 
LARD     OIL     AND     PARAFFINE     OIL     AT     DIFFERENT     TEMPERATURES 

Spec.  Grav.       Spec.  Heat  (approx.) 

Heavy  machine  oil    .92 •  •   -547 

Paraffine    oil    89 55^ 

bearing  by  the  oil  film,  as  shown  by  the  curve  (  Fig.  3)  is  greater 
at  D  than  at  E  at  all  speeds ;  a  condition  which  as  theoretically 
proved  by  Osborne  Reynolds,  "Theory  of  Lubrication,"  Phil. 
Trans.  1886,)  is  essential  to  complete  lubrication  and  is  automati- 
cally maintained.  The  speed  could  not  be  controlled  below  400 
r.  p.  m.  but  the  rapid  increase  of  friction  due  to  imperfect   lubrica- 
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lion  occurred  at  about  300  r.  p.  m.  as  tlie  speed  was  reduced.  The 
lower  limit  of  speed  for  complete  lubrication  might  be  expected  to 
be  determined  by  the  conditions  in  the  bearing-  A  or  in  C,  or  both. 


A  and  C— 9"  by  30" 
B— 15"  by  40" 


Test  number 

IvOad  on  B  tons 

Press,  on  B  lbs.  per  sq.  in.,  nominal  area.. 

L,oad  on  each  A  and  C  tons 

Press,  on  A  and  C  lbs.  per  sq.  in 

(R.  p.  m 

Shaft  speed-  Ft.  per  min.  B 

(pt.  per  min.  A  and  C 

Motor:     Amperes 

Volts 

Klectrical  h.p 

Friction  h.p.  total  for  A,  B  and  C 

Friction  torque,  lbs.  ft.  total  A,  B  and  C... 
Average  coet.  of  friction  f  Starting  (cold) 

for  A,  B  and  C  [Running 

f  Atmo.sphere 

rA 


Temperature  of  bearings  constant* 


Tests  with  heavy  machine  oil 


Top  sleeve  of  bearing'!  B. 

Ic. 

Oil  supply 


Oil  Drip-^  B 

(C 

Cooling  water  for  .f  i'^-Pfce- 
bearing  B  i  uiscnarge  . 


(Rise  of  temp. 


ui.-^  B. 


IC, 


I,bs.  oil  supplied  per  m 


lybs.  cooling  water  per  min.  to  B 

Percent,  of  total  (  ^^  °''v 

heat  carried         ^y  "'"'.^^^'^  ■ •••.-;: 

A   B  and  C        !     ^  ^^'"^."9  radiation... 


[       (by  difference) 
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Tests  with 
paraffin  oil 
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*In  13th  conditions  were  not  constant;  the  data  given  are  those  taken  just  before  the 
bearing  seized  at  speed  1350  r.p.m. 

foil  supply  was  not  water  cooled. 


rather  than  by  those  in  B  ;  nevertheless  the  curve  for  the  point  E 
appears  to  show  that  the  metals  in  B  came  into  contact  at  about  300 
r.  p.  m.,  the  apparent  speed  limit. 

As  will  be  seen  from  the  table  of  data  and  results  of  the  tests, 
it  was  found  possible  to  run  the  bearings  with  loads  and  speeds 
greatly  exceeding  the  ordinary  values  in  jiractice.  even  without 
water-cooling  the  bearing  sleeve.  The  extreme  case  oi  a  successful 
test  is  shown  in  column  12,  in  which  a  run  was  made  under  c)4  000 
lbs.  load  at  i  243  r.  ]).  m.,  with  only  a  very  small  amount  of  water 
run  through  the  bearing  sleeve,  merely  for  determining  its  temper- 
ature. The  oil  supi)ly.  however,  was  cooled  in  all  the  tests  except 
No.  7  and  the  first  half  of  No.   13. 


A  NEW  TYPE  OF  REVERSE  CURRENT  RELAY 

F'.  MacGAHAN  AND  C.  W.   HAKER 

Till'!,  prol)lcm  of  protecting-  altcriiatinj^-ciirrcnt  circuits  op- 
cratini;  in  ])aralk'l  asL^ainst  a  reversal  of  the  flow  of  en- 
ergy, lias  been  one  of  the  most  difficult  ones  in  the  dcsi^m 
of  alternatin|L;'-current  power  systems,  l-'or  this  pur])ose,  relays 
have  been  eni])lo}c(l  to  o])erate  electrically  controlled  circuit 
breakers,  these  relays  beinj^  of  some  type  which  would  operate 
when  the  current  reverses.  Heretofore  these  relays  have  been 
of  two  general  types : 

The  first  consisted  of  some  form  of  magnet  wound  with  two 
coils,  one  of  wdiich  obtained  current  proportional  to  the  voltage 
and  the  other,  current  proportional  to  the  line  currents.     These 

coils,  under  normal  condi- 
tions, oppose  each  other, 
but  when  the  energy  re- 
verses, their  effects  are  ad- 
ditive, thus  operating  the 
breaker.  The  failure  of 
this  scheme  consisted  in 
the  fact  that  the  low  pow- 
er-factor and  low  voltage 
present  during  short-cir- 
cuits or  other  exceptional 
conditions  prevented  cor- 
rect operation. 

The  second  type  of  relay 
for  this  purpose  consisted 
of  a  wattmeter  fitted  with  moving  contacts,  which  could  be  adjusted 
to  trip  the  circuit  breaker  at  any  predetermined  load  in  true 
watts  in  the  direct  overload  direction  or  in  the  reverse  power 
direction.  xA.lthough  somewdiat  better  than  the  first-mentioned 
type  of  relay,  it  still  had  the  fundamental  defect  that  when  the 
voltage  or  the  power-factor  became  low,  the  torque  of  the  watt- 
meter was  also  in  consequence  lov^-.  a.^  its  torque  was  proportional 
to  the  trite  watts. 

The  ideal  relay  for  such  a  service  should  consist  of  such 
a  wattmeter  type  relay,  modified  so  that  it  would  have  practi- 
cally the  same  torque  at  low  power-factors  as  at  high  power-fac- 
tors. It  should  be  operative  when  the  voltage  becomes  zero.  It 
should  have  the  additional  features  of  inverse  time  clement,  so 
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as  to  exercise  a  selective  influence  and  trip  out  the  circuit  in 
trouble  without  interrupting  the  power  on  those  circuits  not  af- 
fected. 

Such  a  relay  has  been  designed  and  seems  to  fulfill  the  re- 
quired conditions  to  a  remarkable  degree.  It  is  used  principally 
for  polyphase  circuits  and  consists  of  two  electro-magnets  oper- 
ating two  discs  mounted  on  the  same  shaft,  the  mechanical  con- 
struction being  very  similar  to  that  of  the  "Type  C"  Westinghouse 
polyphase  integrating  wattmeter.  Instead  of  driving  a  registering 
dial,  however,  the  shaft  is  controlled  by  a  spring  and  a  moving 
arm  is  arranged  to  close  a  contact  connected  to  the  tripping  coil 
of   the    circuit-breaker.      Instead   of    the     electro-magnet    being 

wound  with  the  usual  series  and 
shunt  coils  as  in  the  wattmeter, 
a  special  winding  is  provided 
which  automatically  combines 
the  influences  of  current  alone, 
of  voltage  alone  and  of  true 
watts  alone.  In  the  absence  of 
voltage  the  discs  are  subject 
only  to  the  influence  of  current, 
as  in  an  ammeter.  In  the  ab- 
sence of  current,  the  relay  is  in 
effect  operative  as  a  voltmeter. 
When  all  these  f|uantities  are 
present  in  the  varying  degrees 
found  in  practice,  there  is  form- 
ed a  very  effective  combination  of  the  three  elements,  which  is 
taken  advantage  of  to  solve  the  problem  of  an  alternating  current 
and  reverse  current  relay. 

The  accompanying  curves  will  best  illustrate  the  perform- 
ance of  the  relay.  In  Figs,  i  and  2  the  vertical  t>rdinatcs  give 
the  setting  of  the  stationary  contacts,  and  the  horizontal  lines 
give  the  corresponding  currents  to  close  the  contacts.  X'alucs  to 
the  right  represent  power  in  tiie  norma!  direction,  while  to  the 
left  are  plotted  power  \alues  in  the  re\erse  direction,  or  power 
when  being  fed  back  toward  the  generator. 

\\\\\\  current  only,  that  is,  zero  voltage  on  the  line,  the 
relay  is  an  ordinary  ammeter  type  overload  relay,  whose  de- 
flections are  proportional  to  the  square  of  the  currents.  This  is 
clearly  shown  in  Fig.  i. 
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It  should  be  noted  that  all  the  curves  given  are  the  results 
of  actual  tests. 

With  normal  voltage  and  unity  ])ower-factor,  the  curve 
shown  in  h'ig.  2  is  obtained.  It  will  be  noted  that  this  curve  is 
similar  t<>  the  curve  in  Fig",  i,  except  that  it  is  shifted  slightly 
downward  and  considerably  to  the  right,  thus  giving  a  negative 
deflection  between  1.6  and  5  amperes,  'idiis  is  the  efifect  of  the 
\oltagc  element  of  the  relay,  which  acts  to  deflect  the  move- 
ment in  the  direction  of  normal  power.  It  will  be  nested  that  for 
a  given  setting,  a  much  greater  current  is  required  to  close  the 
contact  when  power  is  passing  in  the  normal  direction  than 
when  the  power  is  reversed.  Note  also  that  the  tripping  currents 

in  the  normal  power 
direction  are  much 
greater  in  this  case 
than  in  Fig.  i,  for 
the  same  setting  of 
the  contacts.  Thus 
the  relay  may  be  set 
to  operate  on  a  very 
low  reversal,  but  at 
the  same  time  so  as 
to  prevent  ordinary 
overloads  from  trip- 
ping the  breaker.  Of 
course,  a  short  cir- 
cuit would  violently 
reduce  the  voltage 
and  thus  the  condi- 
tion shown  in  Fig.  i 
would  hold  and  the  relay  would  operate. 

The  curve  in  Fig.  2  represents  the  performance  of  the  relay 
fairly  closely  over  all  working  power-factors,  say  from  seventy 
per  cent,  leading  current  to  fifty  per  cent,  lagging  current.  The 
exact  efifect  of  various  power-factors  with  normal  voltage  and 
full-load  current  is  clearly  shown  in  the  vector  diagram.  Fig.  3, 
the  tripping  currents  for  a  certain  setting  of  the  contacts  being 
plotted  as  vectors  and  the  voltage  being  vertical. 

If  the  relay  is  set  at  7  (See  Fig.  2),  eight  and  one-half  am- 
peres will  close  the  contacts  at  100  per  cent,  power-factor.  This 
wdll  represent,  say,  seventy  per  cent,  overload,  the  relay  oper- 


FIG.    3 — CURVE     OF     PERFORMANCE,     NORMAL     VOLTAGE, 
FULL-LOAD,    VARYING    TOWER-FACTOR,    SETTING 
8V^    DIVISIONS 
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ating  from  series  transformers  having  five  ampere  secondaries. 
At  this  setting,  two  and  two-tenths,  or  forty-four  per  cent.,  full- 
load  current  will  trip  the  circuit  breaker  on  reverse  power. 

It  will  be  seen  that  the  relay  may  be  set  to  any  desired 
ratio  of  overload  to  reverse,  by  moving  the  position  of  the  sta- 
tionary contact.     Loops  are  provided  from  the  windings  of  the 
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FIG.    4 — DIAGRAM    OF   EXTERNAL   CONNECTIONS    OF   RELAY 
FOR   THREE-PHASE  CIRCUIT 

coil,  SO  that  absolute  values  of  these  quantities  for  any  ratio  of 
overload  to  reverse  can  be  obtained. 

There  is  another  adjustment  which  varies  the  value  of  the 
inverse  time  element,  or  damping  features  of  these  relays.  This 
adjustment  is  independent  of  the  other. 

In  Fig.  4  is  shown  a  diagrani  pf  the  connections  from  the 
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rcl;i\'  Id  the  traiisfonncrs,  and  in   J'i^'.  5  arc  shown  the  internal 
connections. 

A  nnnil)cr  of  tlicse  relays  have  been  installed  at  some  of  the 
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, * >  Trip 
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Scries  Trans.  Tnp  Scries  Trans. 

Relay  Ccnncclions 

FIG.    5 — DIAGRAM    OF    INTERNAL   CONNECTION    OF 
RELAY   FOR   THREE-PHASE   CIRCUIT 

Connect  links  L  to  the  contacts  i  for  small 
currents  or  to  the  contacts  2  for  larger  cur- 
rents. K=contact  arm  attached  to  moveble 
element. 

largest  power  systems  in  the  country  and  found  to  give  satis- 
factory results. 

In  actual  operation,  when  the  tripping  coils  of  the  breakers 
take  a  large  current,  an  auxiliary  relay  is  provided  to  save  the 
contacts  of  the  main  relay  which  are  designed  to  carry  only 
about  one  ampere. 


TESTING  LARGE  MOTORS,  GENERATORS  AND 
MOTOR-GENERATOR  SETS.-I* 

C.  J.  FAY 

WHERE  a  considerable  number  of  motors,  generators  and 
motor-generator  sets  of  large  capacity  are  to  be  tested 
to  determine  the  correctness  of  design  and  manufacture, 
it  becomes  desirable  from  an  economical  standpoint,  to  load  them  in 
some  other  manner  than  with  resistances,  water  rheostats  or  prony 
brakes.     These  methods  of  loading  not  only  involve  a  great  amount 


FIG     I — DIACKAM     (IK    CONNECTIONS    FOR    M(Vr()K-<;F.NF.li,\T()R    TESTlNi; 

Tlic  shunt  liclds  of  botli  machines  arc  left  as  for  ruiininy- 
as  generators  and  the  scries  fichl  of  t!ic  niai-lhne  to  he  run  in- 
verted  as  a   motor   is   reversed 

of  power  and  a  generator  of  large  output  for  stipplying  cm-rent  to 
the  generator,  motin--gouerator  set  or  motor,  but  re(|tiire  bulky 
rheostats  or  brakes  and  large  machines  for  use  as  motors  or  gener- 
ators for  driving  or  loading  the  machine  tuider  test.  I'esido  these. 
in  order  to  test  commercial  macliines  of  different  capacities,  voltages 


*T]icse   articles   nnv   he   considered    as    supplementary    to    tlic    scries    on 
"Factory    Testing   of    IClcctrical    Machinerv"  in  Vols.  I.  and  II. 
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and  frcfjucncics,  lari^c  sources  of  power  arc  required  of  at  least 
three  dififerent  voltai^es  for  direct-current  and  two  frequencies  for 
alternating-current ;  and  also  transformers  permitting  several  ratios 
and  transformers  for  two-phase — three-phase  transformation.  If 
one  alternating-current  generator  is  to  be  used  for  all  alternating- 
current  tests  it  would  have  to  be  designed  and  set  up  to  run  efficiently 
at  several  dififerent  frequencies. 

To  avoid  this  great  expense  in  testing  and  equipment,  "loading 
back"  methods  are  resorted  to  for  testing  large  direct-current  mo- 
tors and  generators  and  motor-generator  sets  of  all  kinds.  Alter- 
nating-current generators  and  rotary  converters  are  run  open-cir- 
cuited and  short-circuited  in  testing,  except  in  special  cases.*  In- 
duction motors  are  loaded  by  circulating  currents  through  the  wind- 
ings at  low  voltage. 

LOADING   BACK    MOTOR-GENERATOR   SETS 

In  any  loading  back  test  two  motor-generator  sets  arc  used,  but 
only  one  of  the  two  sets  can  be  run  under  normal  conditions,  the 
other,  in  most  cases,  being  run  inverted.  It  is  desirable,  whenever 
possible,  to  obtain  two  sets  of  like  capacity,  otherwise  when  testing 
the  larger  set,  the  power  in  excess  of  the  capacity  of  the  smaller 
set  will  have  to  be  supplied  from  some  outside  source.  With  direct- 
current  machines  unless  they  arc  of  the  same  voltage,  a  booster 
is  required  to  compensate  for  the  difiference  in  voltage ;  how- 
ever, this  does  not  necessarily  require  a  great  amount  of 
power,  except  for  very  large  machines  and  large  dififerences  in  po- 
tential. With  direct-current — alternating-current  or  alternating- 
current — alternating-current  sets  several  combinations  of  alternat- 
ing current  machines  may  be  used.  The  alternating-current  ma- 
chines may  ibe  of  any  voltage  and  either  two  or  three-phase,  syn- 
chronous or  asynchronous,  providing  suitable  transformers  with  the 
proper  voltage  ratios  are  available. 

Fig.  I  shows  the  connections  for  testing  two  similar  induction 
motor — direct-current  generator  sets.  This  type  of  outfit  is  used  to 
illustrate  the  method  of  testing  as  it  is  met  with  more  often  than  any 
other.  However,  the  principle  is  the  same  in  any  case.  As  an  ex- 
ample of  such  a  test  figures  are  here  given  for  a  test  of  two  motor- 
generator  sets  consisting  of  two  580  hp,  2  200  volt  induction  motors 
direct-connected  to  two  400  kw.  550  volt  direct-current  gener- 
ators.    Care  must  be  taken  to  see  that  the  series  field  of  the  direct- 


*These  methods  of  testing  have  been   explained  in  the  articles  on   "Fac- 
tory  Testing,"    by    Mr.   R.   E.   Workman,  Vols.  I  and  II.  of  the  Journal. 
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current  machine,  which  is  to  run  as  a  motor  is  reversed  from  its 
normal  direction  as  a  generator. 

When  the  sets  have  been  connected  up  as  shown  in  Fig.  i,  they 
are  started  from  the  alternating-current  sides  and  brought  up  to 
speed  and  thrown  onto  the  line  in  parallel.  The  motors  are  started 
at  a  low  voltage  and  as  their  speed  increases  the  voltage  is  raised 
until  full  speed  and  full  voltage  is  reached  and  the  motors  are  run- 
ning directly  on  the  line  and  in  parallel.* 

The  field  switches  of  the  direct-current  machines  are  then 
closed  and  the  generators  are  allowed  to  build  up  to  normal  voltage. 
When  both  machines  are  at  the  same  voltage  the  line  switches  are 
closed  thus  throwing  the  machines  in  parallel.  The  set  is  then 
ready  for  load.  The  current  in  the  shunt  field  of  the  direct-current 
machine,  which  is  to  run  as  a  motor  is  decreased.  This  increases 
the  speed  of  that  set  and  drives  the  induction  motor  as  an  induction 
generator,  which  in  turn  supplies  power  to  the  induction  motor  of 
the  other  set.  This  second  set  runs  under  normal  conditions,  the 
generator  supplying  power  to  the  machine  acting  as  motor  of  the 
first  set.  The  load  for  a  heat  run  may  be  brought  up  to  the  desired 
amount  by  further  weakening  the  field  current.  Running  in  this 
way  the  two  sets  are  easily  controlled  by  regulating  the  field  rheo- 
stats. The  amount  of  external  power  need  only  be  large  enough  to 
start  the  sets  and  supply  the  losses  of  the  two  sets  under  load. 

The  following  table  gives  readings  taken  at  dififerent  loads: 


SET  NO.  1 


SET  NO.  2 


Induction  IMotor 

Direct-Current 
Generator 

Iiulucl 

Voi  ts 

2200 
2200 
2200 

on  CiC'iicrator 

Am-       R.  r. 

pores        M. 

67          510 
167.5     516 
230    i  514 

nircct-Current 
Motor 

Volts 

Am- 
IJeres 

R.  P. 

M. 

T-^i*.,       Line    i  I'icld 
^o't"      Amp.     AUM). 

Volts 

550 
600 
587 

Line 

.'Xmp. 

Field 
.\mp. 

2200 
2200 

2200 

68.7 
211 

306 

510 
506 
491 

550          0 
600       668 
587       1002 

5.15 
5.8 

5.7 

0 
668 
1002 

5.1 

4.7 
3.79 

Set  No.  1  was  run  under  normal  conditions  and  set  No.  2  was 
inverted. 


*Details   of   the   connections    on  llio  altcrnating-cnrrcnt  tables  were  given 
on  Fig.  56,  page  616,  Vol.  I. 
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J.  W.  SV/EENEY 
1)KI\I.\G  our  TRANSFORMER  OIL 

Al  I\,  oil  and  water  arc  the  elements  generally  used  to  cool 
transformers.  The  trouble  in  the  following  instance 
was  caused  by  the  latter  two  elements  getting  together. 
The  transformers  were  of  2200  kw  capacity,  60  god  volts  pri- 
mary and  2  200  volts  secondary.  The  trouble  was  caused  by 
water  getting  into  the  circulating  coils  and  freezing  before  the 
transformers  were  installed.  This  resulted  in  the  bursting  or 
cracking  uf  the  water  pipes.  The  fault  was  not  discovered  until 
the  transformers  were  assemljled  and  the  tanks  filled  with  oil. 
\\'hen  the  water  was  turned  on,  oil  was  observed  coming  out  of 
the  pipes  with  the  water. 

The  top  of  the  transformer  was  taken  otT  and  the  bursted 
pipes  located.  Repairs  were  made  by  wrapping  the  pipes  with 
No.  14  B.  &  S.  copper  wire  and  soldering  the  wire  tu  the  pipe. 
The  pipe  was  then  tested  under  100  pounds  pressure  and  found 
to  be  all  right.  The  insulation  oil  was  then  examined  and  found 
to  contain  a  considerable  amount  of  water.  Tests  were  made  by 
thrusting  a  hot  iron  bar  into  the  oil.  The  hissing  sound  result- 
ing gave  evidence  of  the  presence  of  water.  Some  carbide  was 
also  put  into  a  sample  of  the  oil  and  this  test  also  indicated  water, 
judging  from  the  bubbles  rising  from  the  surface.  The  problem 
was  then  to  dry  the  oil.  The  transformer  held  i  900  gallons,  and 
there  were  100  gallons  in  the  tank,  making  2  000  gallons  alto- 
gether. On  making  inquiry  it  was  discovered  that  an  outfit  for 
cooking"  the  solution  used  in  treating  the  cross-arms  and  pins  of 
the  transmission  line  was  still  in  the  vicinity  and  located  about 
a  half-mile  away  and  200  feet  uphill.  At  this  time  there  was 
three  feet  of  snow  on  the  ground  and  the  temperature  was  be- 
low zero.  Some  men  were  set  to  work  digging  the  snow  away 
and  finding  the  ap])aratus.  There  were  two  kettles,  one  inside 
the  other,  leaving  two  and  one-half  inches  space  between.  These 
were  carried  down  to  the  1:)asement  of  the  power  house  and  lo- 
cated in  a  position  as  near  the  supply  tank  as  possible.  Then 
a  furnace  was  built  of  l)rick  around  the  kettles.  The  inside  kettle 
was     36      inches      in      diameter      and      the      outside      one      45 
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inches  in  diameter  and  50  inches  deep.  These  kettles 
were  fitted  with  Uigs  so  that  the  higs  on  the  outside  kettle  rested 
on  the  brick  work  and  the  lugs  on  the  inside  kettle  rested  on  the 
rim  of  the  outer  kettle.  There  were  three  storage  tanks,  one  50 
inches  deep  and  loS  inches  in  diameter  and  two  39  inches  deep 
and  86  inches  in  diameter.  These  were  connected  up  to  receiv- 
ing and  delivery  pipes  through  a  turbine  pump  operated  by  a  7^ 
hp  induction  motor.  Pipes  were  run  from  the  storage  and  de- 
livery pipes  to  the  pump  and  to  the  kettles.  As  the  damaged  oil 
was  in  the  largest  tank  this  tank  was  disconnected  at  the  bot- 
tom or  delivery  end  and  a  two-inch  pipe  connected  up  to  run 
from  the  tank  to  the  kettle.  This  pipe  ended  at  the  top  of  the 
kettle.  When  filling  the  kettle  the  oil  flowed  onto  a  perforated 
surface  instead  of  directly  into  the  kettle.  The  pipes  for  the 
receiving  tanks  were  connected  up  and  ended  at  the  bottom  of 
the  kettle. 

After  all  the  preparations  were  made  the  space  between  the 
kettles  was  filled  with  oil.  one  filling  being  enough  for  the  entire 
operation.  Then  an  anthracite  coal  fire  was  started  in  the  fur- 
nace under  the  kettles,  and  the  temperature  of  the  oil  was 
brought  up  to  between  100  and  no  degrees  centigrade.  Then 
the  pump  was  started  up  and  the  oil  allowed  to  i\o\\  in  at  a 
rate  such  that  the  temperature  could  be  kepi  between  100  and 
110  degrees  centigrade.  If  the  temperature  started  to  go  down 
the  oil  inlet  valve  was  partly  closed,  and  if  it  went  still  lower  than 
100  degrees  the  i)ump  was  stopped.  When  the  temperature 
started  to  go  up  the  supply  valve  was  opened  and  the  tire 
decreased.  T.v  careful  n;anipulation  the  pun'.p  was  kept  run- 
ning conslantlv  niglit  and  day  until  all  the  oil  was  run  through. 
There  were  two  thousand  gallons  to  dry  out,  and  it  took  38 
hours,  or  an  average  of  53  gallons  per  hour.  At  dift'erent  stages 
of  the  process  the  oil  was  tested  for  water,  but  none  was  found. 
The  fact  that  the  work  of  drying  was  well  done  was  evident 
from  the  fact  that  as  so(»n  as  the  oil  was  cold  it  was  pumped 
into  the  transformer  and  a  full  line  ]M-essure  of  60  GOO  volts  was 
put  on  the  transformer  without  any  further  trouble. 


THE     ELECTRICAL  NATURE    OF  MATTER  AND  RADIOACTIVITY 

The  following-  paragraj^hs  constitute  the  "Conclusion"  of  the 
book  entitled  "The  Electrical  Nature  of  Matter  and  Radioactivity," 
by  Harry  C.  Jones,  professor  of  chemistry  in  the  Johns  Hopkins 
University,  a  review  of  which  is  given  on  this  page. 

"The  investigations,  of  which  a  general  account  has  been  given 
in  these  chapters,  mark  a  new  epoch  in  the  development  of  the  physi- 
cal sciences.  Some  of  the  results  obtained  are  as  important  from 
the  standpoint  of  the  ])hysical  chemist  as  from  that  of  the  physicist. 

"Facts  have  been  brought  to  light  which  are  of  a  character  that 
are  very  different  from  anything  hitherto  known.  The  existence  of 
extremely  penetrating  forms  of  radiation,  the  instability  of  the  chem- 
ical atom,  the  formation  of  one  elementary  substance  from  another, 
the  existence  of  a  form  of  matter  that  can  charge  itself  electrically, 
that  ca}i  ligJit  itself,  a)id  that  can  give  out  an  amount  of  heat  that  is 
almost  inconceivably  great,  are  some  of  the  facts  to  which  we  must 
now  adapt  ourselves. 

"These  are  magnificent  developments  with  which  to  open  the 
new  century.  Probably  still  more  surprising  facts  are  awaiting  men 
of  science  before  its  close.  It  seems  not  too  much  to  predict  that  as 
the  nineteenth  century  surpassed  the  preceding  eighteen  in  the  de- 
velopment of  scientific  knowledge  and  the  discovery  of  truth,  just  so 
the  twentieth  century  will  exceed  them  all  in  the  gifts  of  pure  science 
to  the  store  of  human  knowledge. 

"The  wave  of  scientific  investigation  for  its  own  sake  that  has 
recently  sv^ept  over  the  entire  civilized  earth,  must  yield  a  rich  har- 
vest to  those  who  shall  be  permitted  to  reap  it." 


BOOK  REVIEW 

"The   Electrical    Nature   of    Matter   and  scientific  lines  in  recent  years.  The  book 

Radioactivity,"    by    Harry    C.    Jones.  is  not  a  popular  essay  nor  a  mathcmat- 

D.     Van     Nostrand     Company;     8vo.,  ical  treatise.    A  fair  knowledge  of  chem- 

clotli ;  200  pp;  illustrated;  price,  $2.00.  istry  and  physics  is   desirable  if  not  es- 

The  author,  who  is  professor  of  phys-  sential   to   the   reader.      To    one    whose 

ical    chemistry    in   the    Johns    Hopkins  scientific   knowledge    is   based   upon   the 

University,  states  that  his  aim  has  been  theories   of  fifteen  or   twenty_  years   ago 

to    give    the   more    important    facts -and  tliis  book  is  of  great  interest  in  showing 

conclusions  in  connection  with  the  work  the   advance   which  .has   been  made  and 

on  the  "Electrical  Nature  of  Matter  and  the  plausible  connection  between  the  old 

Radioactivity"  as  far  as  possible  in  non-  views  and  those  whicn  are  more  recent. 

mathematical    language,    and    while    the  The  titles  of  some  of  the  chapters  m- 

work  is  written  in  a  semi-popular  style,  d'cate  the  character  of  the  contents  more 

an    attempt    has    been   made    to    treat    it  definitely : 

with  scientific  accurac}'.  Electrical  Conductivity  of  Gases;  Na- 
sented  have  nearly  always  been  taken  ture  of  the  Corpuscle-Electrical  Theory 
from  the  original  sources  and  reference  of  Matter;  Nature  of  the  Atom  in 
is  made  to  the  original  papers  for  those  Terms  of  the  Electron  Theory;  X-Rays ; 
desiring  to  make  an  exhaustive  study  of  Discovery  of  Radium ;  Production  of 
the  subject.  Heat  Energy  by  Radium  Salts;  Produc- 
The  book  is  an  admirable  review  and  tion  of  Radioactive  Matter ;  Most  Re- 
summary  written  in  an  attractive  form  cent  Developments  in  Radioactivity, 
of  what  has  been  done  along  advanced  C.  F.  S. 
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The  article  by  Mr.  Fay  in  this  issue  of  the  Jour- 
Testing  nal  describes  certain  methods  employed  in  regu- 

Railway        lar  commercial  testing  of  railway  motors.    These 
Motors  tests  are  entirely  empirical  and  are  made  simply 

to  determine  whether  the  motors  fulfil  arbitrary 
conditions  that  have  been  laid  down.  The  generally  accepted 
rating  of  the  railway  motor  is  on  a  basis  of  not  to  exceed  75  de- 
grees C.  rise  during  an  hour's  operation  at  a  given  output,  the 
output  being  the  input  at  a  given  voltage  and  amperage  reduced 
by  the  efficiency  of  the  motor.  As  a  railway  motor  is  ne\er  in 
practice  called  upon  to  operate  under  these  conditions,  it  is  ob- 
vious that  this  test  is  useful  only  in  establishing  a  commercial 
standard  rating. 

A  test  that  is  of  vastly  greater  importance  in  determining 
whether  the  motor  will  operate  on  certain  given  conditions  of 
load,  service  and  schedule  speed,  is  to  reproduce  the  exact  oper- 
ating conditions.  Mr.  Wynne,  in  his  articles  on  "Electric  Rail- 
wa}^  Engineering,"  has  described  a  method  of  developing  the 
so-called  "typical  run""  for  any  given  service.  Having  deter- 
mined the  typical  run  which  embodies  the  rate  and  period  of 
acceleration,  the  time  of  coasting  or  running  witliout  power,  the 
period  of  braking  and  the  time  of  standing,  the  nominal  rating 
of  the  mott)r  can  be  established,  h'rom  this  txpical  run  cur\e 
the  mean  value  of  the  current  used  in  the  motor,  as  well  as  the 
mean  applied  voltage  extending  oxer  the  whole  time,  can  be  cal- 
culated. This  determines  the  current  and  \-oltage  under  which 
the  motor  must  o])erate  continuously  to  fullill  the  gi\en  condi- 
tions. It  is  found  in  practice,  however,  thai  while  a  motor  may 
operate  satisfactorily  on  the  testing  stand  at  this  calculated  rat- 
ing, it  may  not  operate  satisfactorily  in  serxice.  This  max-  be 
due  to  trouble  xvith  commutation  from  a  heax  \  accelerating- 
current,  or  to  heating  of  the  conunutaior  due  to  friction  on  ac- 
count of  high  speed,  or  the  heating  of  the  motor  may  be  in- 
creased due  to  iron  losses  at  the  different  speeds. 
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Til  (irdiT  to  rc])r()(lucc  this  typical  run  in  a  shoj)  test  it  is 
necessary  thai  llie  testing'  ai)])aratus  sliould  eniliody  in  its  con- 
strucliini  a  certain  anionnl  of  iiierlia  wliicli  corres])onds  to  the 
mass  that  the  motor  will  he  called  upon  to  mo\e.  With  such  an 
arrans^ement  and  means  for  addiiii^  a  certain  amount  of  friction, 
which  will  corres])on<l  to  the  hearing-  and  rolling-  friction,  a  mo- 
tor can  l)c  i^ixen  a  sho])  test  which  will  he  practically  operatinj^ 
conditions.  Such  a  test,  however,  need  not  he  a])plicd  to  all  the 
motors  intended  for  one  installation  as,  haviiii;-  made  such  a 
test  on  one  or  more  of  the  motors,  a  commercial  test  as  described 
by  Mr.  Fay  can  be  established  from  the  data  on  the  motors  so 
tested. 

It  has  been  found  in  testing  motors  by  this  method  to  con- 
form with  different  typical  runs  liaving  the  same  value  of  square 
root  of  mean  square  current,  that  the  behavior  of  the  motors  is 
quite  different,  depending"  upon  the  rate  of  acceleration,  time  of 
coasting  and  other  operating  conditions. 

While  it  is  important  that  motors  should  l)e  tested  as  nearly 
under  operating  conditions  as  possible  it  is  e(|uaily  inii)ortant 
that  control  apparatus  should  be  similarly  tested.  A  ]:)icce  of 
control  apparatus  may  have  ample  carrying  caj^acity  as  far  as 
heating  is  concerned  hut  may  not  operate  satisfactorily  when 
manipulating  and  rupturing  motor  circuits.  The  heating  may 
also  be  materially  increased  by  the  arcing  at  the  contacts.  The 
eft'ect  of  these  conditions  can  only  be  determined  by  operating 
tests  as  described. 

Experience  has  shown  that  while  the  ordinary  commercial 
rating  of  a  railway  motor  is  some  guide  to  wdiat  its  perform- 
ance will  be  in  service,  its  selection  would  be  a  matter  of  con- 
siderable guess  work  unless  it  be  tested  by  a  method  which  will 
give  operating  conditions  or  the  selection  be  made  as  the  result 
of  a  great  deal  of  experience. 

W^iLLi.vM  Cooper 


It  is  probable  that  the   readers  of  the  Jourx.vl 

The  rarely  pause  to  think  of  the  impelling  force  wdiich 

Electric         has  made  this  publication  possible.     The  article 

Club  hy  ]\Ir.  F.  D.  Newbury  on  "The  Purpose  of  The 

Electric  Club"  in  this  issue  is  probably  the  first 

intimation  which  many  of  our  readers  have  had  of  the  inception 

as  well  as  the  purpose  of  the  Club. 
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From  the  standpoint  of  the  management  of  the  Electric 
Company,  there  is  a  phase  of  the  Ch;!)  work  which,  while  it  has 
been  tonched  npon  by  Mr.  Xewbnry  to  the  effect  that  "the  aim 
of  the  Electric  Clnb  is  to  aid  in  the  symmetrical  development  of 
Westinghouse  men,"  yet  was  not  specifically  mentioned;  that  is, 
the  valne  which  flows  from  the  experience  the  young  man  ac- 
cjuires  in  the  management  and  direction  of  his  own  affairs. 

The  Electric  Club  is  an  organization  composed  of  diverse 
dispositions  and  personalities.  The  attitude  of  the  Electric 
Company  has  been  nicrely  that  of  continuous  encouragement. 
Beyond  that,  the  Club  is  a  self-governhig  and  practically  self- 
supporting  body.  In  operating  and  directing  the  activities  of 
their  Club,  these  young  men  are  not  only  learning  the  lesson  of 
democracy  but  of  business  organization  as  well.  The  value  of 
doing  things  right  and  the  evil  of  putting  in  force  inadequate 
and  incorrect  judgments  is  brought  home  to  them  in  a  forcible 
and  conclusive  way  ;  i.  e.,  by  the  failure  or  success  of  their  plans. 

A\'hilc  it  may  be  argued  that  this  experience  is  trivial  in 
itself,  still  it  is  of  the  utmost  benefit  to  the  man  and  to  the  Elec- 
tric Companv.  as  we  must  look  to  these  men  for  our  future  fore- 
men, engineers,  salesmen  and  officers. 

L.  A.  Osr.oRXE 


Mr.    Ricker's  discussion  of  the  cxi)criencc  t-A  the 
Qroundtd  Tnlerborough  Rapid    Transit    Ctnnpany    of    Xew 

Neutrals  ^ Ork  with  the  grounded  neutral,  in  this  issue  of 

With  ^hc  JorkXAi.,   is   worthy   of  careful   study.      'I'he 

Series  ((uestion   as  to  whether  or  not  it   is  advisable  to 

Resistances      .uroimd  the  neutral  ]ioint  of  a  higli  tension  system 
has  ])vvn  a  matter  of  contro\ers\    for  a  number  of 
}'ears. 

liroadly  speaking,  the  ad\antages  of  the  grounded  system 
are:  The  limitation  of  the  rise  of  jiotential  to  earth  that  occurs 
when  one  line  of  a  system  is  grotuuled.  such  a  i^round  L^ixing  wot 
only  line  jxitential  bt'twcen  the  other  line  and  the  I'arth  but  tend- 
ing also,  wluMi  sntlici(.'ntl\-  abrupt,  to  cause  high  I'reipiency  i^s- 
cillations  of  the  static  ])otential  (the  niaximuni  amount  of  such 
oscillation  where  no  secondary  eU'ects  occur  is  double  line  poten- 
tial). .\n<l  tlie  causing  o\  a  short-circuit  if  one  line  wire  liecomes 
grounded,  thus  resulting  in  the  ojiening  of  the  circuit  breaker  at 
the  !j rounded  feeder. 
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The  (lisa(l\'ant;i,nc  of  the  j^roiindcd  neutral  s}'stem  is  the  fact, 
as  just  stated,  that  a  sinj^ie  t^rouiid  is  sutTicieiit  to  cause  a  short- 
circuit  and  an  interruption  of  the  service  on  that  hne.  In  some 
systems  where  it  is  possible  to  operate  with  one  wire  grounded 
this  causes  unnecessary  interruptions  of  the  service,  for  it  would 
at  times  be  possible  to  locate  and  remove  grounds  without  shut- 
ting down  the  load.  Since  there  is  nothing  so  important  in  a 
power  system  as  uninterrupted  service  there  is  in  such  plants 
this  decided  reason  for  not  grounding  the  neutral.  Experience, 
however,  has  shown  that  in  most  plants,  especially  the  larger 
high  tension  plants,  it  is  impractical  to  run  with  one  line  wire 
grounded  on  account  of  the  charging  current  between  the  earth 
and  the  ungrounded  wires  which  must  pass  from  the  grounded 
wire  through  the  generator  to  the  other  wires.  This  current  is 
often  large  enough  to  either  burn  off  the  line  wire  at  the  point 
where  the  ground  contact  occurs  or  to  destroy  the  insulation  of  a 
cable  and  cause  a  short-circuit  to  the  other  conductors  in  case  of 
underground  SA^stems.  Such  a  ground  may  cause  unbalancing 
of  aerial  lines  which  will  produce  great  disturbance  in  all  tele- 
phone and  telegraph  systems  paralleling  the  circuit. 

It  seems  then  that  in  certain  cases  the  disadvantages  of  the 
grounded  neutral  far  outweigh  its  advantages,  the  principal  one 
of  which  is  the  prevention  at  comparatively  rare  intervals  of  an 
extra  potential  to  ground  or  an  oscillation.  In  many  plants  such 
grounds  not  only  cause  interruption  of  service  on  the  grounded 
feeder  which  may  be  comparatively  unimportant  but  also 
causes  further  breakdowns  perhaps  of  important  apparatus 
on  other  circuits  and  the  shutting  down  of  the  whole 
system.  It  is  evident,  therefore,  that  in  a  distributing 
system  such  as  that  of  the  Interborough  Rapid  Transit  Com- 
pany where  there  are  many  feeders,  any  one  of  wdiich  is  of 
comparatively  small  importance,  if  it  is  possible  to  so  ar- 
range the  grounded  neutral  as  to  open  the  particular  feeder 
which  may  happen  to  be  grounded  without  shutting  down  the 
rest  of  the  system,  a  very  great  advantage  in  practical  operation 
will  be  obtained.  By  the  use  of  the  resistance  in  the 
ground  wire  of  the  neutral,  as  described  by  Mr.  Ricker,  this 
favorable  condition  has  been  approximately  secured  in  the  Inter- 
borough Rapid  Transit  Company's  generating  plants. 

It  must  be  remembered,  however,  that  the  series  resistance, 
broadly  speaking,  tends  to  prevent  the  realization  of  the  advan- 


GROUNDED  NEUTRALS  485 

tage  of  the  grounded  neutral  since  it  hinders  the  free  flow  of 
current  to  earth.  With  a  comparatively  high  series  resistance 
the  short-circuit  troubles  are  limited  and  the  circuit  breakers  open 
quietly  but  the  current  taken  is  not  sufficient  to  prevent  the  rise 
of  potential  to  ground  on  the  rest  of  the  system.  As  this  resist- 
ance is  made  relatively  less  the  short-circuit  current  becomes 
greater  but  the  rise  of  potential  is  better  controlled.  In  work- 
ing out  this  problem  it  must  be  determined  for  each  plant  wheth- 
er there  is  a  compromise  value  of  the  resistance  which  will  suffi- 
ciently secure  both  advantages.  With  six  ohms  and  a  thousand 
amperes,  the  values  given  by  Mr.  Ricker,  the  voltage  on  the  re- 
sistance at  time  of  a  ground  is  practically  full-load  voltage  show- 
ing that  it  is  towards  the  maximum  allowable  value  as  regards 
protection  against  static  disturbances.  Practically  what  we 
have  in  this  case  is  a  shunt  circuit  taken  from  the  neutral  point 
of  a  generator  through  the  grounded  line  which  has  its  resist- 
ance so  adjusted  as  to  take  sufficient  current  to  open  the  feeder 
circuit  breakers. 

So  far  the  discussion  has  applied  strictly  to  one  generator. 
The  system  becomes  complicated  when  there  are  several  gener- 
ators in  parallel.  If  a  separate  ground  resistance  is  used  with 
each  generator  the  amount  of  short-circuit  current  will  depend 
on  the  number  of  generators  in  parallel  and  will  vary  greatly. 
If  a  common  neutral  bus  bar  with  a  single  resistance  is  used  a 
switch  must  be  provided  between  the  neutral  bus  bar  and  each 
generator  so  that  a  generator  may  be  disconnected  from  the 
neutral  as  well  as  the  main  bus  bars,  for  otherwise  an  idle  gen- 
erator would  receive  potential  from  th.e  other  machines  in  the 
case  of  any  disturbance.  Furthermore,  what  is  a  much  more  se- 
rious factor,  as  Mr.  Ricker  has  pointed  out,  there  may  be  an 
interchange  of  current  between  the  generators  on  account  of  the 
paralleling  of  the  neutral  connection.  The  compromise  actually 
used  in  this  case  is  the  grounding  of  the  neutral  point  of  the 
generator  which  further  reduces  the  effectiveness  of  the  jirotec- 
tion  against  the  initial  static  rise  accompanying  a  ground.  How- 
ever, since  in  this  system  at  least  some  considerable  time  is 
probably  required  before  difficulty  results  from  a  ground,  as  is 
shown  by  the  static  manifestations  which  have  preceded  trouble 
in  the  past,  practical  protection  is  secured,  since  a  ground 
causes  a  practically  instantaneous  opening  of  the  attccted  feeder 
circuit  breaker. 
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It  is  evident  tliat  the  i^ToundiiiL;  of  the  neutral  in  tlic  Inter- 
borou^ii  Rapid  Transit  Company's  lines  has  l)een  most  carefully 
worked  out  and  in  all  probability  the  new  arrant^ement  will  be  of 
.^reat  assistance  in  obtaining  absolutely  uninterrupted  service. 
It  is  ])rol)al)le  also  that  a  similar  arrangement  can  be  used  in 
other  plants,  but  since  the  effect  depends  largely  upon  the  Cfon- 
ditions  at  each  ])lant  this  system  should  not  be  adopted  without 
a  careful  consideration  of  all  the  conditions. 

rF.RCv  II.  Thomas 


y\n  eminent  gentleman  who  spoke  most  ai)precia- 
fsiotes  tively  of  Col.  Front's  address,  wdiich  apjxars  in 

and  t'li"^  issue,  was  requested  to  contribute  his  corn- 

Comments  nient  to  this  section  of  the  Journal.  He  dictat- 
ed a  page  or  two,  and  then  found  that  he  had 
really  added  nothing;  he  could  not  illuminate  the  subject  further; 
a  great  theme  had  been  most  admirably  handled  and  his  own 
notes  he  assigned  to  the  waste-basket.  But  possibly  a  word 
here  may  attract  the  attention  of  some  who  might  otherwise  i)ass 
over  the  address  with(^ut  discovering  its  worth.  It  is  the  ma- 
ture thought  of  a  man  who  is  a  scholar  and  a  thinker,  antl  whose 
ex])erience  as  an  engineer,  soldier,  editor  and  manager  give  his 
views  exceptional  weight.  AXdiat  he  says  a])peals  to  all  who  are 
interested  in  the  problems  of  progress,  but  especially  to  the 
engineer  and  to  the  engineering  student  and  teacher.  There  are 
few  to  wdiom  it  will  not  bring  new  ideas  and  ncw^  ideals. 

It  is  noteworthy  that  in  the  treatment  of  his  broad  subject 
Col.  Prout  devotes  so  much  painstaking  attention  to  education. 
Those  who  strive  to  upbuild  an  individual,  a  profession,  an  in- 
dustry or  a  nation  are  pretty  sure  to  come  to  the  common  conclu- 
sion that  the  fundamental  thing  is  education.  Two  of  the  most 
significant  facts  in  the  engineering  world  are,  the  recent  ad- 
vance in  engineering  education  in  both  its  quantity  and  methods, 
and,  the  high  value  which  is  being  placed  upon  this  training. 
The  demand  increases  even  faster  than  the  output  of  our  en- 
gineering schools.  Supplementing  the  technical  schools,  par- 
ticularly in  electrical  lines,  are  the  post-graduate  or  engineering- 
apprenticeship  courses  of  the  large  manufacturing  companies. 
The  coming  together  each  year  of  two  or  three  hundred  young 
men  representing  nearly  every  engineering  school  in  the  coun- 
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try,  alert  and  active,  in  contact  with  manufacturing  and  testing 
on  a  large  commercial  scale  and  with  organized  facilities  for 
acquiring  a  knowledge  of  the  construction  and  operation  of  ap- 
paratus with  such  additit)nal  opportunities  as  the  Electric  Club 
aflfords,  probably  contributes  more  to  the  training  of  American  elec- 
trical  engineers   than   any   school   of  technology. 

Aside  from  the  advanced  engineering  courses,  there  is  a  field 
— in  some  ways  a  greater  field — for  education  of  a  somewhat 
different  kind.  This  is  shown  by  the  success  of  the  correspond- 
ence schools.  Such  schools  impart  knowledge,  but  Qxnn  a  more 
important  end  is  the  training  they  give  in  the  co-ordinate  use  of 
mind  and  hand.  I'he  a^'erage  boy  who  leaves  school  and  goes  to 
work  is  apt  to  have  had  little  but  memory  exercises.  His  school- 
ing and  his  Vv'ork  seem  to  have  little  connection.  The  Casino 
Technical  Night  School  has  been  developing  in  a  quiet  way  until 
it  has  become  an  important  educational  force  among  the  \\  est- 
inghouse  n:en  at  East  I'iltsburg.  It  Ins  special  and  regular 
three-year  courses,  an  enrollment  of  two  hundred,  a  body  t)f  en- 
ergetic teachers  \vho  come  directly  from  their  regular  work  in 
manufacturing,  testing,  draughting  or  engineering  (lei)artments. 
Its  methods  are  direct  and  eti'ecti\e.  It  may  ])c  ([uestioned 
whether  ver\-  man\  of  our  more  pretenti(nis  l;d)i)ral' >ri(.s  ha\-e  a  more 
efifective  method  of  demonstrating  the  methods  and  characteristics 
of  induction  motor  windings  than  that  which  has  been  ilevised  for  the 
Casino  school  and  which  is  described  in  this  issue. 

The  engineer,  the  designing  engineer  in  ])articular,  needs 
definite  physical  conceptions.  Mathematical  nietliods  are  inade- 
(piate  unless  the}'  are  aceomixanied  by  concrete  ideas.  A  lonn- 
ula  is  usualh'  a  rather  dangerous  instrument  if  one  does  not 
really  understand  the  law  which  it  expresses.  An  admirable 
examj^le  of  the  apjilicatiou  of  a  simple  metLiod  of  analysis,  rather 
than  a  com])licaled  formida,  to  sex'cral  conlusing  j)rol)lems  is 
found  in  Mr.  Lanime's  article  in  this  issue  of  the  Joi'KNAr..  Ft 
will  bring  satisfaction  to  many  who  ha\e  pu/./.led  (^ver  the  single- 
phase  induction  motor  and  it  incidenlalK  illustrates  the  method 
which  this  eminent  engineer  is  apt  to  apply  to  the  problems 
which  come  before  him.  C'iias.  1''.  .^^coir 


SOME  PHENOMENA  OF  SINGLE-PHASE  MAGNETIC 

FIELDS 

B.  G.  LAMME 
Chief  Engineer,  Westlnghouse  Electric  and  Manufacturing  Company 

WHEN  a  single-phase  alternating  current  is  present  in 
rotating  electric  machines  it  generally  gives  rise  to 
some  very  complex  actions.  In  the  case  of  magnet- 
ization by  polyphase  current  it  is  well  known  that  the  shifting 
magnetic  field  thus  set  up  may  be  looked  upon  as  the  equiva- 
lent mechanically  rotating  field  excited  by  direct  current  and 
many  of  its  actions  can  readily  be  illustrated  in  this  manner. 
A  single-phase  magnetic  field  in  itself,  however,  does  not  pre- 
sent any  such  idea  of  rotation,  yet  the  results  in  many  cases  are 
such  as  would  be  found  with  a  rotating  field.  This  apparent 
rotating  field  action  can  be  explained  upon  the  assumption  that 
the  single-phase  field  can  be  resolved  into  two  fields,  each  having 
half  the  maximum  value  of  the  single-phase  field,  these  two 
fields  rotating  at  uniform  speed  in  opposite  directions.  Where 
these  two  fields  coincide  in  position  and  direction,  a  field  of 
double  value  is  obtained.  Where  they  coincide  in  position,  but 
with  opposite  directions,  a  zero  field  is  obtained.  In  this  way  the 
resultant  of  the  two  rotating  fields  of  constant  value  will  be 
equivalent  to  magnetic  fields  fixed  in  position  but  periodically 
alternating  in  direction,  or  is  the  equivalent  of  the  field  set  up  by 
fixed  windings  carrying  a  single-phase  alternating  current. 

Several  cases  are  given  below,  in  which  this  method  of  an- 
alyzing the  single-phase  field  will  furnish  a  simple  explanation 
of  certain  characteristics  of  single-phase  machinery. 

SINGI^E-PHASK  AI.TERNATOR   WITH  SINGLE-PHASE  FIEI,D   EXCITATION 

The  suggestion  has  been  made  from  time  to  time  that  direct 
current  could  be  obtained  from  a  single-phase  generator  by 
exciting  its  field  by  single-phase  alternating  current  instead  of 
by  direct  current.  'I'he  reasons  usually  advanced  for  this  are  as 
follows : 

If  the  field  is  excited  by  direct  current,  then  when  the  ma- 
chine is  rotated  the  armature  gives  a  single-phase  alternating 
current  of  a  frequency  depending  upon  the  number  of  poles  and 
the  speed  of  rotation.     It  is  assumed,  therefore,  that  if  the  polar- 
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ity  of  the  field  is  reversed  at  the  same  rate  as  the  armature  cur- 
rent alternates  then  every  other  alternation  of  the  armature  will 
be  reversed,  and  the  result  will  be  a  pulsating  direct  current. 
As  such  reversal  of  the  field  could  be  obtained  by  exciting  the 
field  coils  with  single-phase  alternating  current  of  suitable  fre- 
cjuency  it  is  assumed  that  by  this  simple  means  a  machine  giving 
a  pulsating  direct  current  of  any  desired  voltage  can  readily  be 
obtained.  It  is  evident  that  such  a  method  of  obtaining  direct 
current,  if  feasible,  would  have  been  used  long  ago,  for  the  ap- 
paratus has  no  commutator  and  is  relatively  simple  in  construc- 
tion. Evidently  there  is  a  fallacy  in  this  reasoning.  By  resolv- 
ing a  single-phase  exciting  field  into  two  oppositely  rotating 
field  it  may  be  seen  at  once  that  instead  of  giving  direct  current 
such  a  machine  will  in  reality  give  single-phase  alternating  cur- 
rent of  double  frequency. 

Assume,  for  illustration,  that  the  field  structure  of  the  ma- 
chine is  stationary  and  that  the  armature  rotates.  The  alternat- 
ing magnetic  field  set  up  by  the  single-phase  exciting  current 
can  be  considered  as  the  resultant  of  two  fields  of  constant  value 
rotating  in  opposite  directions.  As  the  frequency  of  the  excit- 
ing current  is  the  same  as  that  of  the  armature  itself,  one  of 
these  component  fields  wall  rotate  at  the  same  speed  as  the  arma- 
ture, and  in  the  same  direction,  while  the  other  field  will  rotate 
at  the  same  speed  ])ut  in  the  opposite  direction.  That  field 
which  is  rotating  with  the  armature  will  evidently  have  no  effect 
in  generating  e.m.f.  in  the  armature  for  there  is  no  movement  of 
the  armature  windings  with  respect  to  this  field.  However,  the 
other  field,  rotating  in  the  opposite  direction,  will  have  the  same 
efifect  as  if  the  field  structure  had  been  excited  by  direct  current 
and  rotated  mechanically  in  the  opposite  direction  from  the  arm- 
ature rotation  and  at  the  same  speed,  or  the  effect  would  be  the 
same  as  if  the  field  had  been  held  at  a  standstill  and  the  arma- 
ture rotated  at  double  speed.  The  frequency  thus  obtained  will 
be  double  the  normal  frequency  of  the  armature. 

SI.N(;i,H  IMIASK   INDrCTION  MOTORS 

A  simple  general  explanation  of  the  action  of  a  single-phase 
induction  motor  may  be  obtained  by  the  above  method  of  analyz- 
ing the  field,  providing  one  understands  the  general  characteris- 
tics of  the  corresponding  polyphase  motors. 

Consider  first  the  induction  motor  at  standstill  with  single- 
phase  current  applied  to  its  primary  winding.     T.et  the  primary 
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sini;lc'-])liasc'  field  be  rc'])reseiiU'<l  l)y  two  Fields  of  half  \alue  ro- 
tatins^'  at  c(|u;d  s])eeds  in  o])])osile  direetions.  It  is  e\idenl  that 
each  of  these  lields  would  tend  to  dexelo])  torcjiie  in  the  armature 
if  its  circuits  are  closed,  but  these  torcjues  will  be  of  e(|ual  \alue 
and  in  opposite  direetions.  The  motor  should,  therefore,  have 
no  tendene}'  to  start,  if  by  external  means  the  motor  is  speeded 
u])  in  either  direction  it  will  be  found  that  aljove  a  certain  speed 
it  will  continue  to  run  and  will  c\en  accelerate  to  practically 
full  speed  if  not  too  heavily  loaded.  The  explanation  of  this 
action  is  comparatively  simple  on  the  basis  of  the  two  rotating 
fields.  \\'hen  the  motor  is  speeded  up  in  either  direction  its 
armature  approaches  the  speed  of  one  of  the  fields  and  departs 
further  from  the  speed  of  the  other   field.     Taking  either  field 

alone  into  account  the  motor  may 
be  considered  as  a  polyphase  mo- 
tor in  its  action.  It  is  well  known 
that  the  torcpie  of  a  polyphase 
motor,  with  low  resistance  sec- 
ondary windings,  increases  from 
zero  speed  uj)  until  near  full 
speed.  Also,  below  zero  speed ; 
that  is,  if  the  secondary  is  rotated 
in  the  opposite  direction  from  the 
field,  the  tt^rque  will  decrease  as 
it  departs  from  the  zero  speed. 
Therefore  as  the  armature  speeds 
u])  in  either  direction  it  ap- 
proaches the  s])eed  of  one  of  the 
rotating  fiekls  arid  the  torc|ue  due  to  this  increases,  wdiile  the 
torque  due  to  the  other  field,  from  wdiich  it  is  departing  in  speed, 
decreases.  The  motor  may,  therefore,  l)e  ci^nsidered  as  devel- 
oping two  opposing  torques  which  are  equal  at  zero  speed  but 
one  of  which  is  rising  and  the  other  is  decreasing  as  the  motor 
speeds  up  in  either  direction.  The  difterence  between  these  two 
opposing  torques  will,  therefore,  be  the  effective  torque  of  the 
single-phase  motor.  The  following  diagram  will  illustrate  this. 
In  Fig.  1  is  shown  the  speed  torque  curve  of  a  polyphase  motor 
from  synchronous  speed  to  zero  and  also  to  loo  per  cent  below 
zero.  In  this  case  the  resistance  of  the  armature  is  assumed  to 
be  relatively  small  an.d  the  tor(|ue  at  the  zero  position  is  consid- 
erably less  than  the  maxinnmi  torque  which  the  motor  can  de- 
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vero'l):'  'The  torque  at  loo  per  cent  below  zero  will,  therefore,  be 
consideral)]}'  lower  than  at  the  zero  position.  This  figure  will 
illustrate  the  speed  torque  cur\e  due  to  one  of  the  component 
fields  of  the  single-phase  motor. 

In  Fig.  2  the  speed  torque 
curve  of  Fig",  i  is  shown  and  also 
the  corresponding  speed  torque 
curve  due  to  the  other  compo- 
nent rotating  field.  The  speed 
torque  curve  of  the  second  field 
should  ha\e  the  same  form  and 
values  as  that  of  the  first  field  but 
rising  in  the  opposite  direction ; 
that  is,  increasing  below  the  zero 
line.  The  resultant  torque  char- 
istics  of  the  motor  can  there- 
fore be  represented  by  the  dif- 
ference between  these  two  torque 
curves  at  any  given  speed.  The  resultant  torque  at  zero 
speed  is  zero,  and  it  rises  when  the  motor  is  started  in  either  di- 
rection. This  method  of  analyzing  the  motor  also  e.\i)lains  an 
interesting"  characteristic  of  the  single-phase  motor  in  which  it 
dififers  from  the  polyphase  motor.  It  is  well  known  that  the 
maximum  torcpic  (_)f  a  gi\'cn  , 
polyphase  nu)tor  is  independent 
of  the  resistance  of  the  sec- 
ondary circitit,  the  maximum 
tor((ue  being  the  same  for  all 
resistances  but  the  ])oint  of 
maxinuim  tor(pie  occurring  at 
a  higher  or  lower  sjieed  as 
the  resistance  is  decreased  or 
increased.  This  is  illustrated  ni 
I*'ig.  3,  in  which  a  munbei"  ol 
torque  cm"\es  are  shown  with 
different  resistances.  In  the  sin- 
gle-i)hase    motor,    how  (.'wr,    the  i"i<;.  .^ 

maximum  tor(|Ue  is  not  independent  oi  the  secondary  resistance 
Itnt  will  decrease  when  the  resistance  ^A  the  secondary  is  in- 
creased. This  is  sliown  \ery  plainly  if  the  speed  torcpie  charac- 
teristics shown  in  l-'ig.  2  are  applied  to  the  cur\"es  of  Fig.  3.    This 
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is  shown  in  ¥\g.  4.  An  examination  of  this  figure  shows  very 
clearly  that  the  difference  between  the  two  opposing  torques  will 
depend  upon  the  shape  of  the  component  polyphase  speed  torque 
curve  as  well  as  upon  its  maximum  value.  A  higher  resistance 
in  the  secondary  does  not  increase  the  maximum  torque  that  one 
of  the  fields  can  give,  but  does  increase  the  opposing  torque 
which  the  other  field  can  give,  and  therefore  the  resultant  torque 
will  be  reduced. 

This  method  of  analyzing  the  characteristics  of  the  single- 
phase  motor  shows  in  a  general  way  why  the  torque  and  output 
when  operated  single-phase  should  be  so  much  less  than  when 
operated  on  polyphase  circuits.  The  torque  of  the  single-phase 
motor  is  due  to  the  dift'erence  between  the  torques  of  the  compo- 
nent polyphase  torque  curves  and  each  of  these  component  poly- 
phase curves  is  evidently  of 
much  lower  value  than  would  be 
obtained  in  the  same  motor  when 
operated  as  a  true  polyphase  ma- 
chine. 

PQI.YPH  ASE  MOTORS  WITH  SINGI.E-PHASE 
SECONDARIES 

If  a  polyphase  motor  with 
wound  secondary  and  collector 
rings  is  run  with  one  or  more  of 
its  secondary  circuits  open  so 
that  but  a  single  circuit  or  path 
is  closed,  it  will  be  found  that 
such  a  motor  will  operate  at  ap- 
proximately one-half  speed  and  develop  considerable  torque. 
With  increase  in  torque  the  speed  falls  off  as  in  the  case  of  a 
normal  polyphase  motor  at  full  speed.  A  rough  explanation  of 
this  action  is  found  in  the  method  of  resolving  the  single-phase 
field  into  two  oppositely  rotating  fields. 

When  the  secondary,  with  but  a  single  circuit  closed,  is  ro- 
tated at  half  speed  it  generates  current  at  half  the  frequency  of 
the  primary  circuit.  This  single-phase  secondary  current  sets  up 
a  single-phase  field  of  half  the  primary  frequency  and  this  can  be 
resolved  into  two  opposing  rotating  fields.  As  the  armature  is 
traveling  at  half  the  speed  of  the  primary  field,  and  as  the  fre- 
quency of  the  secondary  current  is  half  that  of  the  primary,  it  is 
evident  that  one  of  the  secondary  fields  has  therefore  a  resultant 
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speed  equal  to  that  of  the  primary  field  and  in  the  same  direction. 

The  other  secondary  field  will  have  a  resultant  speed  which 
is  zero  and  is  therefore  stationary  with  respect  to  the  primary 
windings  and  can  have  no  effect  upon  them.  The  conditions  at 
half  speed  are  therefore  equivalent  to  those  of  the  ordinary  poly- 
phase motor  at  synchronous  speed.  This  should,  therefore,  be  a 
position  of  zero  torque  and  the  motor  should  have  no  tendency 
to  rise  above  it.  If  the  motor  is  now  loaded  it  will  tend  to  fall  off 
in  speed  like  the  polyphase  motor  and  will  develop  considerable 
torque  up  to  some  maximum.  If  loaded  beyond  this  it  will  fall 
off  in  speed  like  the  polyphase  motor.  This  motor,  therefore, 
runs  at  half  speed  or  lower,  practically  the  same  as  the  ordinary 
polyphase  motor  runs  at  full  speed  and  below.  However,  the 
primary  circuits  take  very  heavy  currents  under  these  conditions 
of  half  speed  and  the  motor  has  a  very  poor  power-factor.  This 
method  of  reducing  the  speed  of  a  polyphase  motor  is,  therefore, 
not  an  economical  one. 

The  above  explanation  of  the  action  of  a  polyphase  motor 
with  single-phase  secondary  is  incomplete,  as  it  does  not  give  a 
clear  view  of  all  the  actions.  At  exactly  half  speed  one  of  the 
fields,  as  stated  above,  is  at  a  standstill  with  respect  to  the  pri- 
mary windings.  As  the  motor  slows  down  under  load  this  field 
is  moving  with  respect  to  the  primary  windings  and  is  evidently 
generating"  e.m.f.'s  in  them  at  a  frequency  which  is  increasing  as 
the  motor  slows  down,  and  the  interaction  of  this  field  ujion  the 
primary  circuits  may  give  rise  to  some  very  complex  conditions. 

Another  case  where  a  similar  half-speed  action  in  polyphase 
machinery  is  found  is  where  polyphase  rotary  converters  or  syn- 
chronous motors  are  started  by  api:»lying  current  to  the  armature 
terminals.  In  soiue  instances  it  is  found  that  a  machine  will  start 
readily  but  will  tend  to  lock  at  half  speed.  In  such  cases  of  lock- 
ing it  will  generally  be  found  that  the  field  structure,  and  the 
secondary  circuits  on  the  field,  are  arranged  so  as  to  gi\e  a  rela- 
tively gXK)d  single-phase  action  and  the  motor  thus  tends  to  run 
at  half  synchronism  just  as  in  the  above  case  o{  an  induction 
motor. 

There  are  a  number  of  other  phenomena  of  single-phase  fields 
which  can  be  explained  on  the  above  assumption  of  opp(>sitely  ro- 
tating fields.  However,  the  examples  given  will  serve  to  illus- 
trate this  method  of  analyzing  such  problems. 


SOME  RELATIONS  OF  THE  ENGINEER  TO  SOCIETY* 

H.  G.  PROUT.  A.  M.,  C.  E. 

IN  the  summer  of  KJ03  an  eminent  engineer  died  in  Xew  York, 
Mr.  ( jeorge  Shattuek  Morison.  lie  was  a  man  of  l:)roa(l  edu- 
cation and  of  a  powerful  mind  and  illustrious  achievement. 
Like  most  engineers  he  wrote  but  little,  but  he  left  behind  him  a 
mianuscrii)t  which  was  afterwards  printed  in  a  book  of  one  hundred 
and  thirty  pages,  under  the  title  of  "The  New  Epoch  as  Developed 
by  the  Manufacture  of  Power".  You  can  read  it  easily  in  two 
hours,  bul  it  sums  up  much  of  the  reading  and  meditation  of  a  vig- 
orous an<l  intellectual  life. 

Mr.  Morison  reminds  us  that  students  have  recognized  certaui 
great  ethnical  epochs  in  the  progress  of  mankind.  The  use  of  fire 
first  lifted  man  out  of  the  condition  of  the  animals  around  him  ;  then 
came  the  use  of  the  bow  and  arrow  which  further  established  his 
superiority.  The  next  great  step  was  the  use  of  pottery,  and  man 
passed  from  savagery  to  barbarism.  The  domestication  of  animals 
and  the  n:anufacture  of  iron  marked  two  more  eras  in  the  develop- 
ment of  the  race.  Finally  came  the  use  of  the  written  alphabet,  the 
greatest  and  most  useful  of  all  human  inventions,  by  which  knowl- 
edge could  be  preserved  and  distributed.  Progress  thus  became 
continuous  and  great  masses  of  mankind  were  enabled  to  advance 
simultaneously  along  the  same  lines.  This  was  the  step  from  bar- 
barism to  civilization,  and  there  the  ethnical  periods  are  considered 
to  have  closed.  What  has  followed  is  assumed  to  be  but  the  natural 
advance  of  civilization.  But  Mr.  Morison  thinks  that  there  is  no 
apparent  reason  why  other  epochs  should  not  come,  just  as  distinct 
and  just  as  important  as  either  of  the  six  which  are  behind  us.  It 
but  needed  the  discovery  or  the  development  of  a  new  capacity  to 
make  a  new  epoch,  and  such  a  new  capacity  came  with  the  manu- 
facture of  power.  By  the  development  of  the  manufacture  of  pow- 
er man's  capacity  is  suddenly  increased  beyond  any  limit  which  the 
human  mind  can  forsee  or  imagine.  The  strength  of  man  or  the 
strength  of  animals  no  longer  sets  a  boundary  to  the  capacity  to  do 
work.     Forms  of  matter  are  changed,  and  the  forces  of  nature  are 
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set  to  do  our  bidding,  and  we  can  see  no  stopping  place  in  this  pro- 
cess. The  power  of  man  to  do  useful  work  has  been  multiplied  in 
the  last  century  beyond  all  computation  or  imagining.  In  the  last 
one  hundred  years  man's  productive  capacity  has  probably  advanced 
more  than  in  all  the  preceding  years  that  he  had  inhabited  this 
planet,  and  the  revolution  wrought  by  the  development  of  the  capac- 
ity to  manufacture  power  has  just  begun;  the  door  has  just  opened. 

I  think  it  was  Mr.  John  R.  Freeman  who  estimated  that  in  one 
voyage  across  the  Atlantic  a  steamship  developes  as  much  power  as 
was  developed  by  hundreds  of  thousands  of  men  working  through 
decades  of  time  to  build  the  great  pyramid ;  but  the  biggest  ocean 
ship  is  small  compared  with  the  great  power  factories  which  we 
can  see  all  around  us,  and  this  power  is  delivered  in  our  houses  and 
in  our  shops  and  on  our  railroad  tracks,  to  the  immense  saving  of 
time  and  energy.  It  would  interest  you  to  try  to  compute  the  hu- 
man effort  saved  by  the  mere  fact  that  some  hundreds  of  thousands 
of  maids  and  housewives  draw  water  from  spigots,  where  it  is  deliv- 
ered from  steam  pumps,  instead  of  going  to  wells.  How  can  we 
measure  the  eft'ect  on  human  society  of  the  fact  that  two  men  in  a 
locomotive  cab  haul  two  thousand  tons  of  goods  or  five  hundred 
passengers  across  half  a  continent  at  forty  miles  an  hour,  or  of  the 
fact  that  every  steam  hammer  in  a  forge  shop  does  the  work  of  a 
dozen  men,  and  does  it  better? 

While  the  capacity  of  man  to  do  accustometl  things  has  been 
multi])lied,  he  has  been  empowered  to  do  things  that  he  could  not 
have  done  before.  The  steel  forgings  that  are  made  now  could  not 
have  been  made  at  all  by  man-power  or  animal-power.  Manufac- 
tured power  was  necessary  to  the  ])ro(luction  of  the  great  structures 
of  to-day — the  ships,  the  guns,  tlie  bridges,  the  great  engines  in  the 
power  houses,  the  tall  buildings  in  the  cities.  IVM^haps  there  are 
those  now  b^'fore  me  who  donljt  if  human  liai)piness  has  been  in- 
creased by  the  mere  capacity  to  produce  big  things.  You  will  remem- 
ber Ruskin's  ideal  society,  with  the  hapjiy  jieasant  in  a  velvet  jacket 
singing  in  ihe  fields,  the  heavens  unpolluted  b\-  the  smoke  of  mills 
and  the  air  unvexed  bv  the  noise  of  railnxads.  \ot  \o\v^  ago  a  pro- 
fessor in  a  neighl)()ring  great  luiiversitv  maintained  with  some  heat. 
tlu'  superiorit\-  of  the  (  ireek  civilization,  when  the  mass  of  the  pet^ple 
lived  in  sciualcM'  and  bniU  Tarthenons,  as  compared  with  our  civiliza- 
tion when  the  mass  of  the  peo«i)le  are  more  sure  of  food  and  clothes 
and  fuel,  and  I)nild  ugl\-  stt-el  frame  Masonic  Temples.  We  cannot 
sto])  lieie  to  (hsenss  the  relative  \  ahie  of  cixili/ations.  hut   T  make 
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bold  to  believe  that  the  average  of  human  happiness  was  never  so 
high  as  now. 

The  examples  which  1  have  cited  only  suggest  the  amount  of 
human  effort  that  has  l)cen  set  free  by  the  manufacture  of  power. 
My  imagination  is  unecjual  to  the  task  of  giving  you  more  than  a 
hint  of  the  change  in  man's  condition  which  has  just  begun,  and 
even  to-day  the  manufacture  of  power,  an  art  a  little  more  than  a 
century  old,  is  in  process  of  revolution.  The  prime  mover  of  yes- 
terday will  not  be  the  prime  mover  of  to-morrow.  Our  methods  of 
using  the  stored  heat  energy  of  the  sun  to-day  will  be  history  twen- 
ty-five years  from  now. 

It  is  less  than  one  hundred  and  fifty  years  since  Watt  made  the 
reciprocating  steam  engine  a  thing  of  actual  use,  and  fairly  began 
the  era  of  manufactured  power.  Already  the  reciprocating  steam 
engine  is  doomed,  except  for  certain  special  uses.  The  development 
of  the  transmission  of  power  by  electricity  has  made  it  possible  to 
use  the  high  efficiency  of  the  steam  turbine,  and  the  use  of  turbo- 
generators is  even  now  large  and  spreading  fast.  But  the  turbine 
is  only  a  step.  Its  successor  is  already  foreshadowed  in  the  gas 
engine.  Side  by  side  with  these  changes  in  the  ty^pe  of  prime 
mover  advances  the  art  of  transmitting  and  using  power  by  elec- 
tricity and  so  swiftly  does  the  art  advance  that  now  the  day  seems 
close  at  hand  when  we  may  see  short  but  important  lines  of  steam 
railroad  of  heavy  traffic  converted  to  electric  working.  The  power 
houses  will  be  ecjuipped  with  steam  turbines  or  with  gas  engines. 
Alternating  current  will  be  sent  out  over  long  transmission  lines 
and  stepped  down  and  used  in  the  car  motors  without  converting. 
Two  great  things  will  be  accomplished.  Working  cost  will  be  re- 
duced and  the  public  will  have  more  frequent,  cheaper  and  perhaps 
swifter  service. 

These  are  a  few  of  the  great  engineering  changes  now  visible 
over  the  horizon.  If  we  had  time  we  might  speak  of  others  in  the 
fields  of  transportation,  of  sanitation  and  of  manufacture,  which  will 
possibly  have  even  n:ore  effect  on  the  wealth  and  happiness  of  man 
than  those  which  I  have  mentioned.  For  instance,  who  can  foresee 
the  efifect  of  countless  small  improvements  in  manufacture  which  are 
flowing  from  the  swift  development  of  mechanical,  electrical  and 
chemical  knowledge  and  skill?  And  perhaps  even  greater  results 
will  flow  from  improved  sanitation  saving  present  waste  of  human 
energy.     And  these  changes  are  close  at  hand. 

We  may  reasonably  suppose  that  twenty-five  years  from  now, 
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when  many  of  the  young-  men  now  sitting  before  me  are  in  the  full 
tide  of  their  useful  work,  these  United  States  will  have  a  population 
of  one  hundred  and  twenty  million.  That  will  be  more  than  the 
present  population  of  the  United  Kingdom  and  France  and  half  of 
Germany  combined.  It  will  be  a  free  and  homogeneous  population, 
more  efficiently  educated  than  any  people  the  world  has  ever  seen. 
It  will  be  a  population  of  singular  daring  and  enterprise,  this  for 
two  great  reasons.  For  ten  generations  the  Americans  have  lived 
under  conditions  to  develop  courage  and  enterprise ;  and  the  immi- 
grants coming  to  our  shores  must  be,  generally  speaking,  class  for 
class,  more  courageous  and  enterprising  than  those  whom  they  have 
left  behind  or  they  would  not  have  come.  This  population,  so  vast 
in  nmiibers,  so  efficiently  educated,  so  courageous  and  enterprising 
and  so  free  to  work,  each  man  in  his  own  way,  will  be  seated  in  a 
temperate  climate,  amongst  unrivalled  resources  of  soil  and  mine, 
in  a  country  intersected  by  great  natural  waterways  and  covered 
with  a  net  work  of  railroads  and  with  a  vast  coast  line  on  the  two 
great  oceans.  Put  into  the  hands  of  such  a  people,  so  situated,  the 
means  for  the  manufacture  of  power  and  their  influence  on  the 
world,  physical,  intellectual  and  moral,  may  be  greater  than  the  in- 
fluence of  the  men  who  built  the  Roman  Em]:)ire,  greater  than  the 
influence  up  to  this  time  of  the  race  which  built  the  empire  of  the 
English-speaking  people.  What  a  glorious  thing  it  is  to  be  a  young 
American  at  the  dawn  of  the  new  epoch ! 

These  matters  of  which  I  have  just  been  speaking  are  impor- 
tant. They  are  occupying  much  of  the  best  intelligence  of  the 
world.  They  are  pursued  with  most  admirable  enthusiasm  and  de- 
votion. But  regarded  in  a  broader  way  they  are  only  incidents  in 
the  general  forward  movement  of  the  new  epoch.  Not  onlv  have 
we  entered  on  another  ethnical  jjcriod.  but  upon  the  most  imj^ortant 
period  in  the  ])rogress  of  mankind.  It  is  quite  conceivable  that  a 
thousand  years  from  now  men  may  look  back  to  the  loth  and  20th 
centuries  as  the  most  significant  period  in  the  history  of  the  race. 

Perhaps  you  begin  to  wonder  where  T  am  coming  out,  perhai)s 
you  are  already  asking  wliat  all  tliis  has  U^  do  witTi  the  aimounced 
subject  of  my  lecture — "Some  Relations  of  the  I'jigineer  to  So- 
ciety". 

My  proj)osition  is  that  the  engineer,  more  than  all  other  men, 
has  created  tliis  new  epoch  and  that  the  engineer,  more  than  all  olhei' 
men,  will  guide  humanity  forward  until  we  come  to  some  other  pe- 
riod of  a  diflferent  kind.     On  the  engineer  and  on  those  who  arc 
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niakinj^'  cni;inccrs  rests  a  rc'S])()nsil)ilil}-  sucli  as  men  have  never  be- 
fore been  called  upon  to  face  ;  for  it  is  a  peculiarity  of  tbis  new  epoch 
that  we  are  conscious  of  it,  thai  wc  know  wliat  we  arc  cloing,  which 
was  not  true  in  either  of  the  six  precedini^'  epochs,  and  we  have 
u])on  us  the  responsibility  of  conscious  knowledge. 

If  we  are  right  in  the  notion  that  the  manufacture  of  power 
has  brought  mankind  into  a  new  ethnical  i)erit>d;  if  we  are  right  in 
the  notion  that  the  engineer  is  the  man  who  beyond  all  other  men  has 
created  the  new  conditions  and  who  must  beyond  all  other  men 
carry  them  forward  in  their  development,  then  we  are  face  to  face 
with  certain  facts  of  tremendous  importance  to  two  classes  of  our 
fellow  citizens:  First,  to  those  who  are  responsible  for  the  training 
of  youth  for  their  work  in  the  world  ;  and,  second,  to  those  young 
men  who  have  chosen  engineering  as  their  profession. 

The  same  events  and  conditions  which  have  created  the  new 
epoch  have  affected  the  plans  of  education,  and,  so  far  as  I  am  qual- 
ified to  judge,  those  who  are  training  the  young  men  who  are  to 
guide  the  human  race  in  the  next  few  decades  are  working  forward 
in  the  right  direction.  It  is  obvious  that  our  aim  must  always  be  to 
acquire  a  more  complete  and  perfect  knowledge  of  the  forces  of 
nature  and  to  this  end  we  must  have  mathematics.  Years  ago  Prof. 
Bartlett,  in  the  introduction  to  one  of  his  remarkable  books,  said  that 
the  man  who  is  endowed  with  the  priceless  boon  of  a  copious  math- 
ematics possesses  the  key  to  the  external  universe.  It  is  my  obser- 
vation of  a  good  many  young  men  starting  as  engineers  that  their 
mathematical  training  is  defective.  Instead  of  holding  a  key  they 
have  a  feeble  grasp  on  something  as  vague  as  fog ;  they  have  not 
been  trained  to  use  their  mathematics  as  a  tool  for  investigation,  or 
for  analysis,  or  for  conclusive  reasoning.  P'erhaps  we  may  attrib- 
ute this  partly  to  the  survival  down  to  this  day  of  Plato's  notion  that 
geometry  is  degraded  by  being  applied  to  any  purposes  of  vulgar 
utility. 

Close  to  this  is  physics.  A  comiuand  of  those  facts  and  laws 
which  we  roughly  group  under  the  head  of  physics  is  more  import- 
ant than  a  command  of  mathematics.  A  mere  mathematician  can- 
not be  an  engineer,  but  a  man  can  be  an  engineer  with  limited  math- 
ematics if  he  has  a  working  conception  of  the  laws  of  physics.  ^ly 
favorite  test  of  the  intellectual  power  of  a  boy  is  to  ask  how  he 
stands  in  physics.  A  high  stand  there  is  a  pretty  certain  indication 
of  imagination,  of  power  to  analyze  and  of  capacity  to  reason. 

Command  of  the  forces  of  nature  requires  besides  mathematics 
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and  physics  a  specific  knowledge  of  those  branches  of  learning  which 
we  call  the  natural  sciences.  The  relative  importance  of  any  one  of 
these  to  any  one  man  must  depend  upon  the  kind  of  work  which  he 
intends  to  do,  but  some  knowledge  of  almost  all  of  the  natural 
sciences  is  important  to  the  engineer,  and  a  large  and  definite  knowl- 
edge of  some  of  them  is  necessary. 

But  mathematics  and  physics  and  the  natural  sciences  are  not 
the  end.  If  an  engineer  is  to  go  far  he  must  have  some  of  those 
studies  which  give  him  broad  and  just  ideas  of  the  relations  of  man 
to  man  and  of  man  to  society. 

The  duties  of  my  life  bring  me  into  daily  contact  with  large  in- 
dustrial and  commercial  interests  employing  many  men,  and  I  say 
in  all  sincerity,  and  with  due  regard  to  the  meaning  of  my  words, 
that  it  is  far  easier  to  hire  engineers  than  it  is  to  hire  men. 

It  is  my  constant  observation  of  four  engineering  works,  em- 
ploying about  20  ooo  men,  that  engineers  reach  the  limit  of  their  use- 
fulness from  defects  of  character,  rather  than  from  want  of  techni- 
cal attainments.  Our  greatest  difficulty  is  to  find  courage,  candor, 
imagination,  large  vision  and  high  ambition.  I  do  not  know  which 
of  these  cjualities  is  most  often  lacking,  or  which  is  most  essential. 
The  lack  of  courage  and  candor  comes  most  often  to  my  notice,  but 
the  lack  of  imagination  and  of  broad  outlook  produces  the  most 
serious  disasters.  All  of  these  things  an  engineer  must  have  if  he 
is  to  go  far,  and  all  of  these  any  citizen  must  have  if  he  is  to  go  far 
in  the  work  of  life.  ( )ur  scheme  (^f  e(lucatit)n  will  l)e  radically  de- 
fective if  it  does  not  ]M-ovide  for  the  development  of  courage  and 
candor,  of  imagination  and  broad  vision  and  high  ambition.  Our 
scheme  of  education  of  the  engineer  and  the  citizen  must  also  teach 
our  youth  something  of  the  large  mistakes  of  men  and  nations  in  the 
past  and  something  of  their  successes.  Lacking  that  teaching  we 
see  the  farmer  in  Texas  and  the  third  rate  lawyer  in  I'ongross  and 
the  professional  friend  of  mankind  in  Nebraska  re-inventing  ancient 
errors  and  diverting  valuable  energy  from  the  useful  pur]->(iso  oi  hoe- 
ing corn.  It  is  not  for  me,  not  even  an  amateur  in  education,  xn  say 
ho'W  these  things  should  be  reached,  bi;t   I   venture  a  suggestion. 

Scientific  stud\-  ma\-  be  in  itself  a  great  expander  {^\  the  imagi- 
nation. ^'ou  will  remember  that  Trot.  Shaler  wrote  ti\e  dramas  m 
blank  verse  to  ])rove  tliis.  I  am  not  competent  to  judge  oi  hi.? 
demonstration,  but  at  least  I  venture  the  assertion  that  the  study 
of  chemistry  or  of  biology,  of  maeliiue  design  or  of  analytical  geom- 
etry, of  geology  and  astrononi}  ,  is  as  (piiokening  to  the  imagin- 
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ation  as  the  study  of  Circck  or  Latin  j^ranimar,  of  iiKjral  philoso- 
phy or  of  rhetoric,  or  as  a  formal  and  routine  study  of  English  lit- 
erature. The  result  is  mostly  dependent  on  the  teacher  and  not 
on  the  thing-  taught.  The  quickening  influence  is  the  human  in- 
fluence. 

This  brings  me  to  another  suggestion.  Gordon  used  to  say 
that  it  would  be  better  if  the  young  British  ofBcers  were  made  to 
read  Plutarch's  Lives.  "There  we  see  men  of  no  true  belief,  men 
who  are  pure  pagans  making  their  lives  a  sacrifice  as  a  matter  ot 
course.  In  our  day  it  is  highest  merit  not  to  run  away."  This  is  a 
fertile  suggestion  under  which  lies  a  truth  of  the  greatest  importance 
in  the  scheme  of  education.  At  this  moment  we  may  see  Plutarch's 
men  fighting  for  their  country  on  the  other  side  of  the  world  and 
showing  noble  devotion  and  a  lofty  idealism,  because  for  centuries 
and  centuries  great  ideals  have  been  held  always  before  them.  Ad- 
miral Togo's  little  address  to  the  spirits  of  the  dead  the  other  day  in 
Tokio  was  a  noble  inspiration  to  the  youth  of  his  nation.  It  had  the 
very  spirit  which  made  Plutarch's  men  immortal.  The  essential 
thing  is  to  bring  youth  into  habitual  and  constant  contact  with  great 
men  and  great  ideas  and  great  deeds.  Make  them  read  Huxley's 
Life  and  Letters  and  Lord  Robert's  Forty-one  Years  in  India  and 
Grant's  ■Memoirs.  Or,  perhaps  better  than  any  of  these,  let  them 
read  deeply  in  the  story  of  Lincoln's  life.  There  the)-  will  find  the 
simple  foundation  qualities,  love  of  truth,  courage,  patience  and  for- 
titude, tenacity  and  devotion,  "working  in  great  fields  of  efifort.  If 
these  examples  do  not  stir  a  young  man,  you  had  better  let  him  go 
quietly  back  to  hoeing  corn.  Lie  may  make  a  tiseful  man  and  a  neces- 
sary man,  but  he  cannot  make  a  great  man  or  even  a  big  man.  Hux- 
ley has  said  that  the  progress  of  mankind  has  been  through  the  pro- 
duction of  men  of  genius ;  but  society  cannot  deliberately  and  con- 
sciously produce  men  of  genius.  They  are  the  rare  fruit  of  a  thou- 
sand uncontrollable  conditions,  but  we  can  deliberately  and  con- 
sciously develop  leaders,  and  the  afifairs  of  men  have  never  called 
for  leaders  so  loudly  as  now. 

I  said  a  while  ago  that  we  are  face  to  face  with  certain  facts 
of  tremendous  importance  to  those  who  are  training  young  men  for 
engineering,  and  to  those  who  have  chosen  engineering  as  their  pro- 
fession. I  have  suggested  a  few  considerations,  more  particularly 
for  those  who  are  educating  the  voung  engineer,  and  now  let  us 
turn  to  the  engineer  himself. 

It  is  my  proposition  that  the  engineer  more  than  any  other  man 
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has  brought  about  the  new  epoch  which  we  have  now  entered  upon 
and  that  he  more  than  any  other  man  is  to  lead  mankind  forward  in 
the, next  century  or  two.  But  who  is  this  engineer  to  whom  we 
assign  such  a  place  in  human  progress?  What  is  engineering? 
These  claims,  so  broad  as  to  seem  extravagant,  must  rest  on  a  broad 
foundation. 

You  will  have  observed  that  of  the  six  great  forward  steps 
taken  by  the  human  race  as  a  race,  five  were  enlargement  of  his 
physical  powers  and  improvement  in  his  material  welfare,  through 
conquests  over  the  forces  of  nature,  and  the  sixth  of  these  great 
steps  worked  for  his  advancement  by  enabling  him  to  preserve  and 
distribute  knowledge.  Even  that  step  probably  had  its  greatest 
value  in  hastening  the  conquest  of  nature.  So  we  must  not  be  sur- 
prised to  discover  that  progress  is  through  knowledge  of  a  material 
universe. 

Some  eighty  years  ago  Tredgold  made  that  famous  definition  of 
engineering  which  has  never  been  improved  upon.  It  is  the  art  of 
directing  the  great  sources  of  power  in  nature  to  the  use  and  con- 
venience of  man.  Broadly  this  definition  must  include  the  physicist, 
the  chemist,  the  biologist,  the  geologist  and  the  metallurgist,  for 
they  discover  those  laws  and  properties  of  matter  in  the  knowledge 
of  which  the  engineer  must  work.  Narrowly  the  engineer  is  one 
who,  having  knowledge  of  the  laws  and  ])roperties  of  matter,  de- 
signs and  constructs.  The  primitive  engineer,  the  man  who  had 
that  instinctive  feeling  for  the  forces  of  nature  and  for  the  proper- 
ties of  matter,  and  that  (|uality  of  contrivance  which  must  be  born 
in  a  man  if  he  is  to  be  an  engineer  at  all,  taught  his  fellow  savages 
to  use  fire,  to  use  bows  and  arrows  and  to  make  potterv.  Then  he 
taught  his  fellow  barliarians  to  use  the  strength  of  tlie  larger  ani- 
mals and  to  smelt  and  forge  iron,  just  so  the  modern  engineer 
using  the  same  heaven-sent  qualities  is  carrying  forward  the  con- 
quest of  nature  until  he  has  brought  us  into  this  last  and  greatest 
era,  the  era  of  the  manufacture  of  power. 

I  shall  not  stop  to  name  his  doings,  they  are  written  across  the 
face  of  the  earth,  ^'ou  remember  what  Carlvle  savs  of  the  English, 
"Of  all  nations  the  hjiglish  are  the  stu]iidest  in  s]>ecch,  the  wisest  in 
action.  Thy  epic,  unsung  in  words  is  written  in  huge  characters  on 
the  face  of  tliis  planet — Sea-moles,  railways,  tleets  and  cities,  Indian 
Empires.  .Americas,  legible  throughout  the  .solar  system,  England 
her  mark."  Such,  too.  is  the  epic  of  the  engineer  written  in  rail- 
ways, Canals  and   bridges,   in  fleets  and   harbors,   in   water   works, 
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roads  and  ])arks,  and  finally  in  the  .i^rcal  nltimale  stru,L;j;lc.s  of  nian- 
kind  on  tlii'  haltlr  field  to  saw  and  drstro\-  nations.  Tlierc,  too,  tlie 
ent>inc'er  writes  his  tra,!L;ic  ])oelry.  \ n\\  never  thon,!L;ht  of  iiim  a«  a 
poet,  di<l  }(iii,  and  yet  in  the  lasl  one  hundred  wars  the  highest 
exi)ressions  of  the  creative  imagination  have  heen  in  the  work  of  the 
engineer. 

A  few  years  ago  Mr.  .Vhrani  S.  llewitt  said  that  Sir  I  lenry 
Bessemer  had  done  more  than  any  other  man  of  his  time  to  destroy 
the  power  of  the  privileged  classes  in  Great  Britain,  that  he  was  the 
great  apostle  of  democracy.  I)essemer"s  service  to  mankind  was  to 
lower  the  cost  and  increase  the  quantity  of  steel  and  so  make  pos- 
sible the  enormous  development  of  transportation  in  the  last  half  of 
the  last  century,  which  has  changed  the  face  of  society,  and  I  do  not 
believe  Air.  Plewitt  over-estimated  the  importance  of  Sir  Henry 
Bessemer's  achievement.  The  wheat  that  makes  a  loaf  of  bread  is 
carried  from  Dakota  to  New  York  for  one-third  of  a  cent.  One 
day's  wages  of  a  mechanic  will  carry  from  Chicago  to  Liverpool 
food  to  last  him  a  year.  Quick  transportation  has  cut  the  peasant 
loose  from  the  soil  of  his  little  parish  and  opened  the  markets  of  the 
whole  world  for  the  labor  of  the  artisan.  All  this  means  that  im- 
provement in  transportation  has  been  one  of  the  powerful  forces  for 
preserving  and  spreading  liberty.  Thus  Bessemer  was  the  apostle 
of  democracy.  The  engineer  has  made  life  freer  and  easier,  he  has 
helped  to  destroy  arbitrary  class  distinctions,  and  he  has  prolonged 
human  life. 

I  shall  not  dwell  longer  on  what  the  engineer  has  done.  I  wish 
especially  to  take  a  little  time  to  point  out  some  of  the  things  which 
he  is  about  to  do.  Bear  in  mind  that  in  what  I  shall  say  I  use  the 
term  "engineer"  in  its  broadest  sense  to  indicate  the  man  of  modern 
scientific  education  and  of  practical  contrivance.  Trained  in  daily 
contact  with  exact  and  inexorable  laws  he  is  becoming  more  and 
more  a  leader  in  large  affairs,  he  is  fast  taking  his  place  at  the  head, 
and  close  to  the  head,  of  the  great  industrial  concerns.  Mind  I  do 
not  say  that  he  will  displace  men  of  other  professions.  Men  bred 
to  the  law,  men  trained  in  business,  will  always  rise  to  the  top.  Su- 
perior men  will  make  their  way  to  command  through  many  different 
avenues.  What  I  do  mean  to  say  is  that  the  education  and  expe- 
rience of  an  engineer  especially  fit  him  for  high  administrative  posi- 
tions not  now  commonly  thought  of  as  engineering  work.  Carlyle 
tells  us  that  "Frederick  the  Great's  ambassadors  are  oftenest  sol- 
diers.    Bred  soldiers,  he  finds,  if  they  happen  to  have  natural  intel- 
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ligence,  are  the  fittest  for  all  kinds  of  work."  In  Frederick's  time 
engineering  as  a  profession  did  not  exist.  Soldiering  came  nearest 
to  it,  and  there  is  great  likeness  in  the  work  of  the  engineer  and  the 
soldier  and  in  the  qualities  of  mind  and  character  developed  in  the 
two  callings.  Both  must  ascertain  physical  facts  without  mistake. 
Both  must  analyze  and  weigh  evidence  and  must  reason  correctly. 
Both  must  deal  with  relations  of  time,  space,  force  and  matter.  Both 
must  handle  men  in  action.  Both  must  have  the  restrained  and  dis- 
ciplined imagination  to  project  clearly  conditions  and  results  which 
they  cannot  see.  Both  must  decide,  often  very  quickly,  knowing 
that  on  the  decision  hangs  success  or  failure.  But  this  is  the  train- 
ing which  makes  men  of  action — leaders,  commanders.  Xo  doubt 
vou  will  agree  with  much  that  I  have  just  said,  but  I  question  if  you 
will  quite  appreciate  the  gravity  of  the  sudden  emergency  work 
wdiich  comes  in  an  engineer's  life.  Suppose  you  are  putting  down 
a  deep  foundation  alongside  of  a  twelve  story  building  in  New  York 
City  and  the  quicksand  begins  to  run  and  the  walls  of  the  big  build- 
ing to  crack.  The  peril  is  not  so  pressing  as  the  peril  of  battle  for 
you  can  stop  work  and  think.  But  you  must  think  straight  and  act 
right  or  you  will  cost  someone  a  lot  of  money,  even  if  you  kill  no 
one.  Suppose  you  are  putting  in  a  foundation  for  a  bridge  pier  in 
the  bottom  of  the  Mississippi  and  the  river  bed  begins  to  scour  and 
a  caisson  as  big  as  a  house  begins  to  tip  and  to  move  down  stream. 
A  great  deal  of  money  depends  on  what  you  do  in  the  next  few- 
hours.  Suppose  you  are  putting  a  tunnel  under  the  St.  Clair  river 
and  the  compressed  air  begins  to  blow  out  through  a  pocket  in  the 
river  bed.  Here  is  an  affair  of  minutes,  and  of  life  as  well  as  mon- 
ey. These  very  things  have  happened  and  are  exactly  the  things 
that  come  as  a  matter  of  course  in  an  engineer's  life,  and  the_\-  are 
met  by  just  the  same  (|ualities  of  courage  and  stored  up  skill  and 
emergency  judgment  that  you  must  have  ready  when  the  enemy 
gets  on  your  flank.  Beyond  all  this  the  engineer  is  nf  necessity  a 
student  of  costs  and  econc^nics.  lie  must  know  what  it  costs  to 
move  a  yard  of  earth  and  to  put  in  a  yard  of  concrete  and  whw 
He  must  know  what  it  costs  to  produce  a  horse  i^ower.  lie  has 
l)een  defined  as  a  man  who  can  do  well  for  a  dollar  what  any  man 
can  do  somehow  for  ten  dollars.  r>enoath  all  this  must  lie  sleep- 
less fidelity  to  his  trtist. 

These  are  souie  of  the  (|ualities  of  leadership,  olivicnis.  and  rec- 
ognized as  i)rodticed  in  the  contest  with  nature;  but  there  are  others, 
higher  ones,  not  so  obvious.      1  uiean  the  ([ualities  of  moral  leader- 
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ship.  Probably  you  never  tliou[;ht  uf  the  en.^inecr  as  a  moral  leader 
and  yet  I  have  often  thought  and  said  tliat  in  a  knotty  case  of  applied 
morals  I  would  sooner  trust  an  engineer  than  any  other  man.  I 
once  said  this  to  that  famous  moralist,  the  late  Speaker  Reed.  It 
was  apparently  a  new  thought  to  him.  He  reflected  as  much  as  a 
(|uarter  of  a  minute,  which  was  a  long  time  for  him.  "Yes,"  he  said, 
"I  guess  you  are  right,  a  minister  has  no  sense  of  proportion  in  sin.'" 
That  thought  is  a  little  too  delicate  and  complicated  for  me  to  follow 
further,  but  the  lawyer  is  fair  game.  You  will  remember  the  say- 
ing of  Macaulay  on  this  matter.  "We  will  not  at  present  incpiire 
whether  it  be  right  that  a  man  should,  with  a  wig  on  his  head,  and  a 
band  around  his  neck,  do  for  a  guinea  what,  without  these  append- 
ages, he  would  think  it  wicked  and  infamous  to  do  for  an  empire ; 
whether  it  be  right  that,  not  merely  believing  but  knowing  a  state- 
ment to  be  true,  he  should  do  all  that  can  be  done  by  sophistry,  by 
rhetoric,  by  solemn  asservation,  by  indignant  exclamation,  by  gest- 
ure, by  play  of  features,  by  terrifying  one  honest  witness,  by  per- 
plexing another,  to  cause  a  jury  to  think  that  statement  false.  It  is 
not  necessary  on  the  present  occasion  to  decide  these  questions." 
Nor  is  it  necessary  for  us  here  to  decide  a  cjuestion  which  every  law 
student  has  debated  over  and  again.  For  my  present  purpose  it  is 
enough  to  say  that  the  daily  practice  of  a  profession  concerning 
which  such  questions  can  arise  puts  a  man  of  weak  mind  or  weak 
character  in  very  considerable  peril  of  becoming  a  skillful  sophist 
and  a  weak  moralist.  Even  in  the  daily  walks  of  business  there  is 
frequent  temptation  to  obscure  the  truth.  But  the  man  who 
passes  his  life  in  contests  with  nature  is  not  apt  to  be  a  sophist.  The 
engineer  can  have  no  object  in  concealing  the  truth  or  in  misusing  it. 
His  work  is  a  material  fact ;  it  is  not  an  impression  upon  the  minds 
of  other  men.  No  trick  of  words,  no  art  of  speech,  will  make  his 
bridge  stand  up,  or  his  bearings  run  cool.  No  ingenuity  of  argu- 
ment, no  power  of  rhetoric  will  save  one  ounce  of  coal  per  horse- 
power-hour. We  all  know  in  some  vague  and  abstract  way  that  we 
must  yoke  our  wagon  to  a  star,  but  the  engineer  must  do  it.  The 
law  which  guides  him  is  not  the  product  of  the  schools  and  the 
courts,  it  is  not  the  product  of  changing  standards  of  life  and 
thought ;  it  is  the  eternal  law  of  nature.  So  far  as  he  finds  it  and 
follows  it  he  succeeds ;  so  far  as  he  misses  it  he  fails,  and  there  is  no 
escape  for  him.  Nature  always  stands  watching  him,  neither  kind 
nor  cruel,  but  perfectly  just — swift,  inexorable,  and  inevitable — at 
once  his  guide  and  liis  judge.     Who  else  of  all  mankind  has  a  dis- 
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cipline  so  fine?  Reward  is  so  prompt,  punishment  is  so  swift  and 
sure.  Emerson  has  said — "The  mind  that  is  parallel  with  the  laws 
of  Nature  will  be  strong  with  their  strength." 

I  have  pointed  out  some  of  the  special  and  peculiar  qualifications 
of  the  engineer  for  leadership.  There  is  another  which  he  enjoys 
in  common  with  other  professions.  I  mean  that  which  we  may  call 
the  professional  spirit.  It  often  seems  to  me  that  some  of  the  great 
dangers  to  the  social  order  which  we  see  around  us  will  be  lessened, 
not  cured  but  lessened,  by  the  growth  of  the  influence  of  the  profes- 
sional man  in  afifairs.  We  are  worried  about  the  growth  of  cor- 
porate power.  I  don't  believe  that  corporations  are  worse  managed 
than  they  used  to  be,  but  they  are  bigger  and  stronger  and  we  hear 
more  about  them,  as  we  hear  more  about  most  things.  However  all 
that  may  be,  we  shall  not  change  human  nature  by  law,  and  cor- 
porate nature  is  human  nature.  I  see  much  good  to  come  from  the 
growth  of  the  professional  spirit  in  corporate  management.  The 
professional  spirit  is  in  its  essence  the  sense  of  trusteeship.  When 
the  professional  man  takes  in  trust  the  afifairs  of  his  client  that  trust 
becomes  more  binding  upon  him  than  his  own  personal  interests.  I 
am  often  amazed  when  I  think  of  the  vital  force  of  this  professional 
spirit  of  trusteeship.  I  am  often  astonished  when  I  think  of  the 
great  number  of  very  common-place  men  who  work  along  year  by 
year  with  sustained  devotion  to  a  true  standard  of  professional 
duty.  It  confirms  my  faith  in  the  notion  that  the  mass  of  mankind 
like  to  do  their  duty  if  they  can  only  know  what  it  is.  and  that  the 
mass  of  mankind  desire  the  approbation  of  n^ble  minds.  It  is  my 
impression  that  the  true  professional  spirit  is  at  least  as  strong 
amongst  engineers  as  in  any  other  profession,  and  1  am  often  tempt- 
ed to  think  that  it  is  stronger.  Here  then  we  see  still  another  rea- 
son to  look  forward  to  the  leadership  of  the  engineer. 

Those  of  you  who  have  been  dozing  or  wandering  while  I  have 
talked  and  who  have  caught  only  the  high  spots  will  have  got  the 
impression  that  I  have  been  claiiuing  the  earth  and  the  fulness  there- 
of for  a  small  group  of  our  fellowmen  who  have  chanced  to  band 
themselves  in  a  certain  profession.  'My  real  purpose  has  been  to 
call  attention  [o  the  commanding  ini])(irl;ince  in  the  advancement  of 
mankind  of  a  certain  sort  of  training,  and  1  had  hoi)cd  that  the  pre- 
sentation of  this  thought,  while  not  at  all  novel  or  original,  might 
have  a  certain  interest  to  you,  gathere<l  in  the  shadow  of  this  noble 
university,  and  especially  to  the  young  men. 

T  have  said  that  the  engineer  brought  about  this  seventh  epoch 
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ill  iIk'  progress  of  the  Ininuin  race,  the  era  of  manufactured  power, 
l)ul  I  am  not  sure  but  we  should  i;o  hack  three  hundred  years  to 
Lord  llacipn.  It  was  Ijacon's  pur])ose  to  teach  man  to  i^ain  com- 
mand over  nature  and  he  tauti^ht  that  this  could  be  only  by  diligently 
learnini^'  the  trutli  and  then  following-  it.  And  this  is  the  real  sig- 
nificance of  the  engineer  as  an  ethnical  force ;  he  must  know  the 
truth  and  live  by  it.  Bacon  was  not  the  first  man  to  observe  natural 
facts  correctly  and  to  reason  from  them  simply  and  biddly.  The 
savage  engineer  who  taught  his  fellows  to  make  fire  must  have  done 
that.  J>ut  Uacon  roused  great  numbers  of  men  to  the  dignity  and 
value  of  natural  knowledge.  And  I  would  ask  you  to  remember, 
and  es])ecially  the  young  men,  that  knowledge  of  man  and  his  deeds 
and  motives  is  a  branch  of  natural  knowledge.  If  we  are  to  help 
mankind  forward  in  this  new  era  on  which  we  have  entered  we  must 
gain  positive  knowledge,  and  we  must  vitalize  it  by  contact  with 
great  characters  and  great  events.  \\'e  must  get  command  of  the 
sources  of  jiower  in  nature  and  then  within  ourselves,  we  must  have 
courage  and  candor,  fortitude,  tenacit}-  and  imagination,  and  devo- 
tion; and  the  greatest  quality  of  all  is  devotion. 


EXPERIENCE  WITH  GROUiNDED  NEUTRAL  IN  A 
HIGH  TENSION  PLANT 

C.    W.    RICKER 
Electrical  Superintendent,  Power  Stations,  Interborough  RapiJ  Transit  Company 

THE  Interborough  Rapid  Transit  Company  of  New  York  oper- 
ates two  steam  power  stations  in  parallel,  containing  sev- 
enteen engine-driven  and  one  turbine-driven,  loooo  volt, 
25  cycle  generators  of  90  500  kw  aggregate  rated  capacity ;  and  sev- 
enteen sub-stations,  containing  eighty-four  i  500  kw  rotary  convert- 
ers, aggregating  126000  kw.  There  is  a  separate  lighting  system 
in  the  subway  supplied  by  three  1250  kw,  ii  000  volt,  60  cycle,  tur- 
bine driven  generators. 

The  capacity  rating  is  very  conservative,  all  the  generators  and 
rotaries  being  able  to  carry  double  load  for  considerable  periods 
without  injury.  The  sustained  short-circuit  current  of  the  genera- 
tors is  about  three  times  the  full-load  current,  and  that  of  the  rota- 
ries. running  as  alternating-current  generators,  in  virtue  of  their 
stored  energy  of  rotation,  is.  for  a  brief  period,  even  greater.  The 
momentarv  current  to  a  ground  or  short-circuit  may  be  much  great- 
er, depending  upon  the  phase  of  the  e.m.f.  wave  at  the  instant.  The 
possible  momentary  tlow  of  energy  to  any  point  in  the  high  tension 
system,  at  which  the  insulation  between  conductors  is  broken  down. 
is  enoninnis.  and  although  both  generator  and  feeder  oil  switches 
are  controlled  by  relays  that  are  virtually  instantaneous  in  operation 
on  short-circuits,  the  switch  mechanisms  have  a  measurable  time 
element  wliich  may  be  s-veral  tenths  of  a  second,  so  that  great  dam- 
age mav  be  done  by  a  short-circuit. 

The  high  tension  distributing  system  consists  of  eighty-eight 
25  cvcle.  TO  000  volt  feeders,  containing  30S  miles  of  Xo.  OJO  and  13 
miles  of  Xo.  0000  cable,  all  operated  in  multi])le.  and  three  60  cycle. 
1 1  000  volt,  lighting  feeders,  containing  22.  t,  miles  of  Xo.  6  cable. 
All  of  the  feeders  are  three-conductor,  paiHM--insulate(l.  lead-cover- 
ed, underground  cable,  except  one  and  one-half  miles  of  three-con- 
ductor. Xo.  000.  rubber-insulated,  lead-covered,  steel-armored,  sub- 
marine cable.  'Idle  longest  feeders  are  about  S.()  miles  long,  and  the 
average  length  is  3.8  miles. 

With  all  of  the  high  tension  generating,  distributing  and  trans- 
forming apparatus  and  conductors  insulated  from  grinmtl.  a  break- 
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down  of  the  insulation  of  a  sinj^lc  conductor  docs  not  at  once  allow 
enough  current  to  tlow  to  operate  the  relays  and  trip  out  the  switches 
through  which  the  damaged  conductor  is  fed,  but  a  flow  or  dis- 
charge occurs  at  the  fault,  great  enough  to  destroy  very  rapidly  the 
insulation  between  conductors  in  the  immediate  neighborhood  and 
cause  a  violent  short-circuit.  When  this  happens  in  a  feeder  cable, 
a  portion  of  the  cable  is  at  once  completely  destroyed  leaving  an 
air  gap  of  several  inches  or  even  several  feet  between  the  burned 
ends.  If  such  a  short-circuit  occurs  in  a  manhole  where  other 
cables  are  exposed  to  the  arc,  they  may  be  seriously  burned,  even  so 
badly  as  to  short-circuit  in  themselves,  and  so  spread  the  damage 
until  a  number  of  feeders  are  interrupted.  All  cables  in  manholes 
are  protected  by  wrappings  of  asbestos  and  steel  ribbon,  but  the 
amount  of  energy  that  can  be  concentrated  at  any  point  in  the  dis- 
tributing system  by  a  short-circuit  is  quite  sufficient  to  destroy  all 
the  cable  that  can  be  put  into  a  single  manhole  in  an  almost  indefi- 
nitely short  time,  and  leave  no  trace  either  of  cable  or  protective 
wrapping.  The  damage  which  can  be  produced  or  rather  provoked, 
by  such  an  unconfined  arc  lasting  a  quarter  of  a  second  is  not  limited 
to  its  immediate  vicinity.  The  arc,  acting  as  a  vibrator,  gives  rise 
to  potential  surges  capable  of  weakening  or  breaking  down  the  insu- 
lation in  other  and  distant  parts  of  the  system,  the  effect  of  which 
may  be  apparent  at  once  or  only  after  several  hours  or  days.  Under 
such  circumstances,  one  breakdown  is  usually  accompanied  or  fol- 
lowed by  others. 

For  instance:  A  three-conductor.  No.  ooo,  loooo  volt.  Subway 
division  feeder  cable,  short-circuited  at  a  joint  where  the  insulation 
between  conductors  was  insufficient.  At  the  same  instant  a  feeder 
oil  switch  in  the  Manhattan  division  power  station  (about  five  miles 
distant  along  the  cables)  was  short-circuited  and  grounded  on  all 
three  phases  and  badly  damaged.  The  overload  relays  tripped  the 
generator  switches  and  shut  down  the  power  station.  This  particu- 
lar switch  had  been  in  service  for  several  years.  It  had  been  over- 
hauled and  cleaned  within  a  few  days,  and  was  known  to  be  in  thor- 
oughly good  condition.  x\t  the  same  time  the  insulation  of  the  po- 
tential transformer  leads  in  one  of  the  sub-stations  was  punctured, 
but  the  result  was  no  more  serious  than  the  inconvenience  of  having 
to  run  the  sub-station  for  some  hours  without  any  potential  indica- 
tors or  wattmeters  and  without  synchroscopes  in  the  primary  side 
of  the  transformers  which  supply  the  rotary  converters.  This  in- 
stance is  cited  because  it  is  typical,  although  more  serious  break- 
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downs  have  occurred.  The  accidental  momentary  grounding  of 
a  high  tension  conductor  will  produce  effects  similar  to  those  de- 
scribed, although  not  necessarily  of  the  same  degree.  Such  a  ground 
is  liable  to  strain  the  insulation  at  some  part  of  the  system  so  that 
a  break-down  may  be  expected  shortly  afterward. 

Another  very  troublesome  difficulty  is  added,  in  such  a  com- 
pletely insulated  system,  when  a  feeder  cable  breaks  down  anywhere 
in  the  conduit  line  outside  the  power  stations  and  sub-stations.  As 
just  described,  all  three  conductors  and  the  lead  sheath  are  almost  in- 
variably burned  up  or  melted,  leaving  a  gap  in  the  cable  and  a  con- 
siderable and  altogether  uncertain  resistance  across  the  carbonized 
insulation  between  the  conductors  and  the  sheath.  No  determina- 
tion of  the  position  of  the  break  can  be  made  from  either  end  of  the 
cable,  and  after  many  trials  extending  over  a  period  of  years,  the 
most  satisfactory  method  of  locating  a  fault  was  found  to  consist  in 

FIG.  i-LisTENixG  COIL  AXD  TELK-  vanomctcr  or  a  listening  coil  carried 
PHoxE   RECEIVER   USED    IX    1,0-  by  au  obscrvcr  and  placed  near  the 

C.'XTIXG     CABLE    FAULTS     BY     THE  ,  ^.  ,-    ,  ,  i   i        •        i.1 

ARC  DYNAMO  METHOD  cxposcd  portiou.s  ot  thc  cablc  m  the 

manholes.  See  i'^ig.  i.  By  this 
means  the  observer  can  distinguish  the  direction  to  the  break. 
but  in  the  case  of  a  long  cable,  it  may  in\olve  the  opening  of  a 
great  many  manholes  with  hours  of  hard  labor  and  weary 
searching,  especially  if  the  resistance  at  the  fault  is  high  and 
variable  or  if  the  fault  is  submerged  in  water,  thus  making  the 
reversals  indistinct.  A  short-circuit  at  a  joint,  when  the  sleeve 
is  not  wholly  destroyed  and  still  holds  some  compound  which 
is  melted  bv  the  testing  current  and  heals  up  the  break-down 
between  the  conductors  and  thc  slioath.  is  exasperating.  The 
average  feeder  passes  through  about  lift}-  manlK^lcs  and  tlic 
longest  through  more  than  one  hundred. 

All  conducting  parts  of  the  high  tension  generating  antl  dis- 
tributing system  are  more  or  less  enclosed  in  grounded  envelopes, 
which,  except  in  the  case  of  the  three-conductor  feeder  cables  and 
the  transformers,  include  only  single  conductors.     Even  in  the  feed- 
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ers  and  transformers  the  insulation  from  i^round  is  less  than  be- 
tween conductors. 

To  facilitate  the  arc-dynamo  method  of  locatinj^^  faults,  which 
niust  still  be  used  in  case  a  feeder  short-circuits  and  has  two  or  three 
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FIG.    2 — SCHEME   OF   CONNECTIOXS   IN   EACH   GEXER.\TIXG   STATION.      SIM- 
PLIFIED DIAGRAM    SHOWING  THREE    GENERATORS 

conductors  burned  in  two,  the  lead  sheaths  of  all  cables  are  gTound- 
ed  in  the  generating  stations  and  are  bonded  together  in  all  man- 
holes by  lead  straps  with  wiped  joints.  Outside  of  the  generating 
stations,  the  lead  sheaths  are  kept  as  free  from  grounds  as  possible 
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and  are  practically  insulated,  except  where  they  lie  in  very  wet  ducts. 
Bonding  the  cable  sheaths  together  divides  the  return  testing  cur- 
rent so  that  it  does  not  neutralize  the  effect  upon  the  listening  coil 
or  galvanometer,  of  the  current  in  the  conductor  within.  This 
arrangement  is  also  of  material  use  in  minimizing  the  effects  of 
electrolytic  action. 

In  order  to  prevent,  as  far  as  possible,  the  formation  of  short- 
circuits,  it  was  determined  to  ground  the  neutral  points  of  all  the 
generature  armatures,  which  are  star-connected.  The  scheme  of 
connections  in  each  generating  station  is  shown  in  Fig.  2.  Bv  in- 
terposing a  resistance  in  the  lead  to  ground,  the  ground  current  at 
a  fault  in  the  insulation  of  any  single  conductor  can  be  controlled, 
or  at  least  damped,  so  as  to  allow  a  maximum  t^ow  great  enough  to 
open  the  automatic  oil  switch  in  the  grounded  conductor,  but  nor 
enough  to  do  serious  damage.  This  arrangement  constitutes  a 
complete  protection  against  damage  ])roceeding  from  breakdowns 
between  single  conductors  and  ground  ,  though  none  at  all 
against  those  occurring  directly  between  conductors.  As  breakdowns 
to  ground  appear  to  be  much  more  numerous,  this  partial  protection 
is  of  great  value  and  has  bc.Mi  effective  in  every  breakdown  since  its 
adoption,  except  one  which  was  a  short-circuit  between  conductors. 
In  the  generators,  each  phase  of  the  winding  is  carried  clear  around 
the  armature,  so  that  the  central  point  of  the  star  is  axially  oppt,)- 
site  the  main  leads  on  the  opposite  side  of  the  armature.  A  leail  is 
taken  off  at  this  point  and  conected,  through  a  lexer  disconnect- 
ing switch  and  a  current  transformer,  to  an  insulated  bus-bar  run- 
ning along  the  station  ])ast  all  of  the  generators.  Near  the  middle. 
tills  neutral  bus-bar  is  grounded  through  a  rheostat  of  si.x  ohms 
resistance.  See  V'lii,.  3.  The  ground  lead  passes  through  a  cur- 
rent transformer  and  is  comiected  at  se\eral  places  to  the  dis- 
charge pi])ing  of  the  steam  condenser. 

The  neutral  ground  rheostat  is  built  uji  of  cast  iron  grids, 
assembled  in  sections  which  are  separated  from  each  other  bv  por- 
celain insulators.  11ie  whole  rheostat  is  supported  upon  large  jHir- 
celain  petticoat  line  insulators.  It  is  necessary  to  have  the  parts  of 
this  rheostat  thoroughly  insulated  from  each  other,  as  the  momen- 
tary current  and  fall  of  potential  through  it  may  be  very  large,  de- 
pending upon  the  phase  of  the  e.m.f.  wave  at  the  instant  of  break- 
down and  the  resistance  to  ground,  together  w  itii  the  inductance  of 
the  comi-)lete  circuit  including  the  armatures  of  the  grounded  gen- 
erators  and   the    rheostats,   and    the    capacity   of  one-phase   of   the 
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entire  system,  incliKlin<4-  all  the  feeder  cables  in  circuit,  which  ca- 
pacity and  inductance  are  in  series.  So  considerable  potential  surges 
may  be  set  up,  and  all  or  part  of  the  charging  current  of  the  system 
may  be  added  to  the  ground  current  and  pass  through  the  rheostats. 
As  the  two  power  stations  are  normally  operated  in  parallel  by 
means  of  two,  four  or  six,  3-conductor  No.  0000  feeder  cables  (the 
number  depending  upon  the  generator  capacity  in  operation)  whicli 


FIG.  3 — NEUTRAL  GROUND  RHEOSTAT  AT  THE  SQTH   ST.    ST.\TION  OF  THE 
INTERBOROUGH    RAPID   TRANSIT   COMPANY 


connect  the  station  high  tension  bus-bars,  and  both  stations  are 
equipped  and  operated  alike  in  respect  to  the  grounded  neutral,  the 
grounded  generators,  connections  and  rheostats  in  the  two  stations 
are  also  in  parallel. 

The  three  1250  kw.,  11  000  volt,  60  cycle  generators,  which 
supply  the  Subway  lighting  service  are  grounded  in  the  same  man- 
ner, except  that  no  rheostat  has  yet  been  installed  in  the  ground 
lead  and  there  are  no  current  transformers  in  the  leads  between  the 
generators  and  the  neutral  bus-bar.  At  present,  only  one  of  these 
generators  is  run  at  a  time. 
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The  main  oil  switch  of  each  of  the  25  cycle  generators  is  con- 
trolled by  a  triple-pole,  bellows  type,  plain  overload  relay,  all  three 
coils  of  which  are  connected  to  current  transformers  in  the  main 
generator  leads.  An  ammeter  on  the  main  instrument  board  is 
connected  in  series  with  each  coil.  Originally  one  relay  coil  was 
connected  to  the  neutral  current  transformer  of  its  generator,  and  it 
was  intended  that  the  current  in  the  neutral  lead  should  clear  a  gen- 
erator from  the  station  bus-bars,  in  case  of  a  ground  in  the  arma- 
ture or  main  leads,  and  so  relieve  the  rest  of  the  generators  of  the 
ground  and  possible  short-circuit.  It  was  found,  however,  that 
when  a  number  of  generators  in  parallel  were  all  connected  to  the 
neutral  bus-bar  with  only  the  resistance  of  the  leads  and  the  bus- 
bars between  them,  there  was  a  considerable  interchange  of  current 
through  the  neutral.  With  four  or  more  generators  running,  if 
another  generator,  having  its  neutral  switch  closed,  was  synchro- 
nized and  connected  to  the  main  bus-bar,  the  momentary  flow  in  the 
neutral  lead  exceeded  the  full-load  current  of  the  generator  and  was 
not  suppressed  until  the  incoming  generator  had  taken  its  share  of 
the  load.  After  this,  an  intermittent  flow  increasing  from  zero  to 
about  one-half  the  full-load  current  of  a  generator  and  decreasing 
to  zero  again,  would  be  indicated  by  each  neutrg-l  ammeter  in  turn 
in  a  sort  of  imperfect  cycle  in  which  the  generators  had  a  regular 
order,  which,  however,  was  sometimes  disturbed  without  apparent 
reason.  With  fewer  generators  running  the  neutral  currents  were 
less.  The  current  in  the  neutral  had  a  frequency  of  75  cycles  and 
an  extremely  variable  wave  form,  changing  from  a  simple  sinusoid 
through  a  whole  series  of  intermediate  shapes  to  a  sharp  pointed 
triangular  form.  There  was  no  apparent  interchange  of  current  in 
the  neutral  leads  betwen  the  two  power  stations,  and  in  one  station, 
the  insertion  of  resistance  in  the  leads  between  the  generators  and 
the  neutral  bus-bar  decreased  the  flow,  but  rheostats  containing 
the  resistance  which  seemed  to  be  needed  to  reduce  the  neutral 
current  to  negligibility,  would  have  been  too  bulky  for  the  space 
a\ailable.  For  several  weeks,  both  power  stations  were  run  with 
all  the  generators  grounded,  and  with  one  pole  of  each  generator 
main  switch  relay  connected  to  the  current  transformer  in  the 
neutral  lead,  l)ut  several  generators  were  tripped  out  by  the  neu- 
tral current  just  after  they  had  been  connected  to  the  station  bus- 
bars. Because  of  the  difliculties  met  in  preventing  the  circuit 
breakers  from  tripping  the  plan  was  modified  and  now  only  one 
generator  at  a  time  in  each  station  is  run  with  its  neutral  grounded. 
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Willi  VLTy  few  (.'xccptioiis,  all  of  the  insulaliDii  l)real«linvns 
which  have  occurred  in  the  entire  system  have  been  in  the  feeder 
cables,  and  for  the  reasons  already  j^iven,  it  is  especially  desired  to 
protect  these  against  short-circuits.  The  relays  arc  set  to  o])crate 
instantly  at  300  amperes  in  each  sub-station  feeder  and  at  900  am- 
peres in  each  tie-feeder  between  the  two  power  stations  (consisting 
of  two  cables  controlled  by  one  switch).  The  sustained  short-cir- 
cuit current  of  one  generator  is  about  i  000  amperes  and  its  momen- 
tary short-circuit  current  may  be  considerably  greater.  It  was 
judged  sufficient  to  the  protection  of  the  cable  system  to  keep  one 
generator  in  each  power  station  grounded.  This  affords  a  current 
capacity  great  enough  to  trip  out  several  feeders,  should  they 
ground  at  the  same  time  on  one  generator,  but  if  the  insulation  to 
ground  of  two  generators  should  break  down  at  the  same  time,  it  is 
doubtful  whether  the  damaged  machines  or  the  one  with  the  neutral 
I)oint  grounded,  would  trip  out  first. 

This  scheme  has  now  been  in  use  for  more  than  a  year  with  very 
encouraging  results.  Seven  feeder  cables  have  grounded  in  ser- 
vice, each  of  which  was  cut  out  by  the  action  of  its  relav  without 
great  damage  to  the  cables  and  so  quietly  that  it  was  made  known 
only  by  the  oil  switch  pilot  lamps,  except  in  one  case.  Twice,  all  of 
the  cables  to  a  single  sub-station  tripped  out  together,  although  only 
one  w^as  grounded,  but  even  then  the  switches  operated  easily  and 
without  spilling  any  oil.  This  is  in  sharp  contrast  to  the  violent  and 
explosive  action  of  the  oil  switches  on  short-circuit,  which  was  the 
rule  before  grounding  the  neutral.  After  the  grounded  cables  had 
been  tripped  out,  a  trial  w^iith  a  high  resistance  direct-current  volt- 
meter w^as  required  to  determine  the  grounded  conductor,  and  the 
resistance  to  ground  had  to  be  broken  down  by  the  transformer 
used  for  puncture  trials  of  insulation,  before  a  location  could  be 
made.  Then  the  position  of  the  fault  was  determined  by  a  loop  test 
with  a  Wheatstone  bridge,  the  whole  process  oT  breaking  down  and 
locating  requiring  less  than  an  hour. 

A  simple  and  convenient  portable  slide  wire  bridge  with  which 
to  locate  cable  faults,  has  been  made  in  the  laboratory  of  the 
company.  The  general  appearance  of  one  of  these  bridges  is 
shown  in  Fig.  4  and  a  diagram  of  the  connections  used  in  the  test  is 
showai  in  Fig.  5.  By  means  of  a  table  compiled  from  the  records  of 
the  cable  department,  showing  the  length  of  each  cable  and  the  po- 
sition of  each  manhole  along  it  in  proportional  parts  of  the  total 
length,  the  length  between  the  manholes  in  which  the  breakdown 
has  occurred  can  be  picked  out  at  once. 
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Before  the  neutral  was  grounded,  a  short-circuit  in  a  cable  was 
usually  preceded  by  static  disturbances  in  the  stations  near  the  ends 
of  the  feeder.     These  disturbances  were  evidenced  by  cracklinsf  or 


FIG.    4 — SLIDE    WIRE    BRIDGE    USED    IX    LOCATING    FAULTS 

brush  discharges  and  a  strong  odor  of  nitrous  oxide  which  some- 
times lasted  for  hours.  When  the  short-circuit  finally  occurred,  all 
the  cables  to  the  sub-station  to  which  the  broken  down  cable  fed. 
tripped  out  together,  usually  at  both  ends  of  each  cable,  and  so  shut 
down  the  sub-station.  In  a  number  of  cases,  the  back  flow  of  cur- 
rent from  the  rotaries  to  the  short-circuit,  was  sufficient  to  open  all 
the  automatic  oil  switches  in  the  rotary  converter  leads  and  feeders, 
in  all  the  sub-stations  of  the  division,  thus  shutting-  down  the  entire 
system  fed  from  one  g'enerating  station.  Tlie  switches  at  both  ends 
of  the  short-circuited  cal)le  always  ojicned  very  violently,  spilling 
some  and  often  most  of  the  oil  in  the  switch  cases  and  burning  the 
contacts,  sometimes  even 
breaking  the  wooden  rods 
which  carry  the  plungers. 
The  switches  of  the  other 
feeders  to  the  same  sub-sta- 
tion acted  in  the  same  way, 
tliough  in  a  lesser  degree. 
The  power  station  operator 
was  ne\er  in  doubl  that  a 
short-circuit  had  occurred 
and  could  usually  pick  out 
the  damaged  cable  by  iho 
a])pearance  of  its  switch. 
After  o-rounding  the  neutral,,,,,.  -_j„.„..,,am  of  connfxtioxs  for  loc.vt- 
however,    the    cables    lrii)i)eil         inc   faii.ts   with    the    si.ipk  wire 
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out  so  easily  and   with   such 

slight    grounds    that    the    oiK'rators    at    one    end    and    sometimes 

at     both     ends,     miuht     not     be     aware     of     the     accident    until. 
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after  several  minutes,  it  was  noticed  that  the  pilot  lamps 
of  one  or  more  feeder  switches  indicated  that  they  were 
open.  Then  a  voltmeter  trial  was  necessary  to  determine  whether 
a  cable  was  grounded.  Accordingly  a  relay  was  connected  to  the 
current  transformer  in  the  lead  from  the  neutral  rheostat  to  ground, 
which,  when  tripped,  closes  a  local  circuit  which  lights  a  red  lamp 
on  the  instrument  board  that  glows  till  the  relay  is  restored  by  hand. 
The  ground  signal  lamps  in  both  power  stations  light  when  there  is 
a  ground  anywhere  in  the  25  cycle  primary  system,  so  that  they 
also  give  notice  of  accidental  grounds  due  to  mishaps  or  careless- 
ness that  would  otherwise  never  be  known.  A  similar  ground 
signal  is  attached  to  the  60  cycle  lighting  system  of  the  Subway 
division. 

Slight  static  discharges  that  caused  an  almost  continuous  odor 
of  nitrous  oxide  were  common  in  certain  parts  of  the  system.  They 
apparently  were  not  followed  by  any  serious  results  and  have  quite 
disappeared. 

In  conclusion,  the  results  of  grounding  the  neutral  in  this  plant 
have  been,  so  far,  entirely  advantageous. 


THE  PURPOSE  OF  THE  ELECTRIC  CLUB 

F.  D.  NEWBURY 
President  of  the  Electric  Club 

THE  story  of  the  inception  of  the  Electric  Club  has  been 
told  a  number  of  times  to  Electric  Club  audiences,  but 
it  will  be  new  to  the  great  majority  of  Journal  readers, 
and  it  has  an  interesting  and  important  bearing  on  the  subse- 
quent development  of  the  underlying  purpose  that  has  given 
direction  to  the  work  of  the  Club.  The  story  is  worth  repeating. 
During  the  winter  of  1901  a  successful  and  highly  profitable 
series  of  technical  lectures  was  given  by  the  engineers  of  the 
Electric  Company  in  an  unused  room  in  the  office  building  at 
East  Pittsburg.  Before  the  following  fall  this  room  was  re- 
quired for  the  regular  work  of  the  Company  and  no  other  suit- 
able room  in  the  building  was  available.  On  account  of  this,  no 
lectures  were  given  during  the  winter  of  1902  but  the  project  was 
by  no  means  forgotten.  The  benefit  from  the  lectures  of  the 
previous  season  had  been  so  obvious  and  the  young  men  of  the 
Electric  Company  were  so  desirous  that  they  should  be  contin- 
ued that  it  was  felt  that  some  means  for  doing  so  should  be 
found.  It  was  suggested  that  a  suitable  hall  in  ^^'ilkinsburg 
(where  most  of  the  apprentices  live)  be  rented  two  or  three  even- 
ings a  week  during  the  winter  season.  This  plan  received  the 
approval  of  the  management  of  the  Electric  Company  and  the 
search  for  a  suitable  hall  was  started.  Following  the  suggestion 
of  this  plan  other  plans  were  rapidly  proposed.  \\"hy  not  have 
smaller  meetings  than  lectures  in  which  the  construction  of  ap- 
paratus, methods  of  its  design,  manufacture  and  operation  could 
be  informally  talked  over  and  discussed  ;  why  not  have  regularly 
organized  classes  for  the  study  of  elementary  theory — this  for 
the  shopmen  ;  why  iK^t  have  a  reading  room  ;  why  not  have  other 
things  than  technical  ineetings — social  gatherings,  dances  and 
entertainments,  in  short,  why  not  have  a  club?  This  meant,  in- 
stead of  renting  one  room  two  or  three  nights  a  week  for  part 
of  the  year,  the  renting  of  an  entire  floor  of  a  large  building  all 
of  the  week  for  all  of  the  year.  T'.ul  this  rather  startling  growth 
of  the  originally  modest  plan  did  not  frighten  the  management 
of  the  Electric  Company  from  whom  financial  support  was  asked. 
On  the  contrary,  it  received  their  cordial  approval,  and  the  Elec- 


518  THE  ELECTRIC  JOURNAL 

trie  Club  was  formed.  This  was  done  at  a  general  club  meeting 
held  March   19,  1902.     It  is  unnecessary  to  add,  except  for  the 

Ix-nctit  of  ihcise  (Uitsidc  of  nur  W'estinghouse  community,  that 
the  man  back  of  these  suggestions  and  plans  and  back  of  their 
successful  fruition  was  Mr.  C.  F.  Scott,  the  consulting  engineer 
of  the  Electric  Company. 

During  the  four  years  since  its  organization  the  Club  has 
been,  on  the  whole,  successful  in  the  work  it  has  undertaken 
and  has  gained  a  \aluable  and  interesting  store  of  experience. 
It  is  beyond  the  scope  of  the  present  article  to  trace  the  growth 
of  this  experience.  Each  branch  of  club-work — its  technical  sec- 
tions, its  lectures,  its  excursions,  its  entertainments,  its  athlet- 
ics. The  Electric  Journal,  has  a  history  of  its  own,  any  one  of 
wdiich  would  make  an  interesting  story.  The  club  has  become  a 
community  in  which  diiTercnt  groups  of  men  are  interested  in 
various  things  yet  in  which  all  are  held  together  by  the  bond  of  a 
common  employment.  The  present  article  w-ill  point  out  one 
result  of  this  growth  in  experience — the  development  of  the  con- 
ception of  the  purpose  of  the  club.  The  nature  of  this  concep- 
tion is  fundamentally  important ;  it  has  determined  and  will  con- 
tinue to  determine  the  direction  and  extent  of  the  growth  of  the 
club. 

A\'hcn  the  club  was  organized  its  purpose  was  primarily  edu- 
cational. The  formation  of  the  club  was  the  direct  result  of  the 
extension  of  a  series  of  technical  lectures.  Xaturally,  then,  when 
the  club  was  formed,  its  lectures  and  other  technical  interests 
were  considered  first ;  its  entertainment  work,  although  of  con- 
siderable extent,  came  second.  This  point  of  view  made  an  en- 
gineering society  of  the  clul)  and  attracted  to  it  a  membership 
interested  primarily  in  technical  things. 

During  its  third  season,  during  1904-5,  a  new  conception  of 
the  club's  purpose  became  apparent.  The  members  desired  a 
club  in  which  the  relative  values  of  social  and  technical  work 
would  be  interchanged.  The  club  should  become,  relatively, 
more  of  a  club  and  less  of  a  school.  This  did  not  mean  that  the 
members  desired  any  reduction  in  the  actual  extent  of  the  tech- 
nical work  undertaken  by  the  club.  They  did  desire  an  increase 
in  the  facilities  for  social  life  in  the  club  and  an  increased  appre- 
ciation of  the  value  of  social  intercourse  among  club  members. 
The  new  idea  received  the  active  support  of  those  in  charge  of 
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the  club.  Coming;-,  as  it  did,  from  the  members,  it  iiuhcated  on 
their  part  an  acti\e  interest  in  the  development  of  the  club  that 
the  officers  were  ver}-  glad  to  encourage. 

This  new  idea  was  stated,  in  an  announcement  to  club  mem- 
bers made  at  the  beginning  of  the  fourth  season,  in  these  words  : 

"The  club  must  be  fundamentally,  a  sociable  club.  Sociabil- 
ity and  entertainment,  however,  are  not  ends  in  themselves ;  they 
are  the  means  for  the  accomplishment  of  the  serious  work  of  the 
club.  The  club  is  something  more  valuable  than  a  social  club, 
but  the  social  life  is  the  center ;  from  it  will  grow  the  member- 
ship and  spirit  that  will  make  effective  work  in  other  directions 
possible." 

This  is  the  platform  on  which  the  club  was  run  during  the 
past  season.  During  the  year  this  idea  of  a  "sociable  club"  de- 
veloped ;  gradually  crystalizing  out  of  the  year's  experience,  it 
grew  into  a  new  and  broader  conception  of  the  club's  purpose. 
Today,  this  purpose  can  be  stated  broadly,  yet  \-ery  simply; 
to  aid  ill  tJic  syiiiiiictrica!  development  of  Jl'estini^hoiise  iiicii.  It  is 
even  more  than  this ;  it  is  to  develop  men,  to  tit  men,  in  body, 
mind  and  soul,  to  do,  well  and  cheerfully,  the  work  they  are  here 
to  do. 

This  conception  of  its  purpose  gives  the  club  a  new  point  of 
view.  The  field  of  the  club's  legitimate  activity  is  widened  im- 
mensely. Xo  work  or  fcM'm  of  endea\'or  that  will  aid  in  the  de- 
velopment of  better  and  broader  men  is  outside  of  its  purpose. 
The  extent  and  variety  of  its  work  need  be  limited  only  by  the 
spirit  of  its  members  and  its  material  e(|uipment.  The  work  the 
club  has  already  accomj^lished,  as  great  and  as  valual)le  as  it  has 
been,  bears  only  a  small  ratio  to  the  work  the  clul)  can  do,  pro- 
vided its  members  are  e(|ual  to  the  task  and  the  necessary  mate- 
rial facilities  are  provided.  (  )f  these  two  requisites,  the  former  is 
the  most  important  and  must  show  itself  first.  The  growth  of 
the  clul)  work  to  the  cxtrena^  limit  is  u\^  to  the  club  members. 
The  club  will  be  what  they  make  it. 

This  brciad  conception  of  the  jnu-pose  of  ihc  club  not  unK-  ex- 
tends the  range  of  the  clid)'s  acti\ity  but  gi\es  a  new  significance 
to  whatever  work  it  undertakes.  In  ihe  early  days  of  the  club, 
an  entertainment  was  simply  an  entertainment  ;  its  success  was 
measured  by  the  enjoyment  of  tlutse  who  attended  it.  At  the 
present  time  an  entertainment  is  not  only  an  entertainment  but 
it  is  an  opportunity  for  a  number  of  men  to  develop  their  itiitia- 
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live  and  sense  of  resixmsibilil y,  their  kno\vledt;e  of  human  nature 
and  of  the  inertia  of  things.  The  success  of  an  entertainment, 
judged  by  this  point  of  view,  does  not  depend  so  much  upon  its 
value  to  the  men  who  passively  attend  it  as  upon  its  value  to  the 
men  who  actively  work  for  it.  The  man  who  gets  the  most  out 
of  college  is  not  the  "grind"  who  devotes  all  of  his  time  to  the 
acquisition  of  knowledge,  it  is  rather  the  man  who  devotes  a 
reasonable  time  to  study  and  takes  time  to  play  his  part  in  stu- 
dent organizations,  and  in  so  doing  learns  to  use  his  knowledge 
among  men.  Likewise  in  the  apprenticeship  course,  it  is  neces- 
sary not  only  to  learn  facts,  but  to  learn  how  to  use  them  in  do- 
ing things.  The  valuable  man  is  not  necessarily  the  man  who  is 
technically  the  wisest ;  he  is  sometimes  the  man  who  knows  less 
technically,  l)ut,  by  a  knowledge  of  human  nature,  a  human  sym- 
pathy and  a  smiling  countenance,  compels  men  to  work  with  him 
and  for  him.  The  opportunity  the  club  gives  the  younger  men 
to  "manage  things"  is  one  of  the  most  valuable  of  club  privileges. 
When  the  broad  purpose  of  the  club  is  understood,  it  should 
bring  a  vastly  larger  number  of  men  into  sympathy  with  its 
aims  and  work.  An  engineering  society  will  interest  one  group, 
a  tennis  club  another  group,  a  social  club  still  another  group,  but 
a  club  whose  purpose  is  the  development  of  Westinghouse  men 
will  interest  every  man  who  has  an  interest  in  the  development 
of  the  Westinghouse  companies.  The  Electric  Company,  for 
example,  brings  to  its  works  every  year  between  two  and  three 
hundred  young  men  as  apprentices  who  will,  to  a  considerable 
degree,  constitute  the  future  personnel  of  the  company.  It  is  of 
fundamental  importance  that  these  young  men  should  receive  a 
good  training.  Their  technical  training  in  the  shop  and  office  is 
only  a  part  of  it.  They  must  become  Westinghouse  men  in 
spirit  as  well  as  in  fact.  They  can  catch  this  spirit  only  by  asso- 
ciaton  with  men  who  already  possess  it.  In  a  small  community 
this  association  can  be  accomplished  without  organized  effort, 
but  in  a  large  community,  containing  hundreds  of  men,  a  highly 
organized  means  for  bringing  these  men  together  under  pleasant 
social  conditions  becomes  necessary.  This  constitutes  one  of 
the  most  important  opportunities  of  the  Electric  Club.  To 
make  the  most  of  the  opportunity  the  club  should  ha\e  greatly 
increased  facilities,  but  with  its  present  material  equipment  it 
has  accomplished  much  in  this  direction,  and  can  accomplish 
still  more. 


SOME  INTERESTING  ELECTRICAL  LABORATORY 
APPARATUS 

C.    R.    DOOLEY 

THE  new  electrical  laboratory  of  the  Casino  Technical  Xight 
School,  which  has  recently  been  completed,  contains,  in 
addition  to  the  usual  equipment  for  such  laboratories. 
a  number  of  pieces  of  special  apparatus.  This  apparatus  has  been 
fitted  up  by  the  students  of  the  school  who  have  taken  an  active 


part  in  the  construction  of  the  laboratory  equipment.  The  ar- 
ranp^ements  used  for  studying  induction  motor  winding  and  a 
form  of  small  pron}-  brake,  as  described  below,  are  two  interest- 
ing examples. 

A  LABORATORY  METHOD  OF  STUDYING  INDUCTION  .WOTOR  WINDINC.S 

For  the  study  of  induction  motor  windings  a  diagrammatic 
method  is  employed.     The  induction  motor  used  is  an  ordinary 
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Ccif^'c  wound  niacliiiK'  with  4S  coils  wound  in  48  slots.  Inside  the 
motor  tlu'  coils  arc  connected  in  i)airs.  thus  fc^rniin^  24  groui)s 
of  two  coils  in  series.  I'roni  each  .^roup  two  terminals  arc 
hrou.i^ht  out  so  thai  there  are  48  terminals  in  all.  These  groups 
of  coils  are  connected  l)y  flexible  leads  to  a  table  placed  near  the 
motor.  (  )n  the  to])  of  this  table  the  outline  of  a  complete 
punchinii'  from  the  stator  of  the  motor  is  ])aintcd  in  dark  red. 
The  coils  in  the  motor  are  re])resented  in  their  true  positions  l)y 
black  lines  as  shown  in  Fii^-.  1.  At  the  ends  of  each  group  in  the 
diagram  Innding-  posts  are  placed  which  extend  through  the  top 
of  the  table.     The  leads  from  the  various  coils  in  the  motor  arc 


brought  up  under  the  table  as  shown  in  Fig.  2  and  connected 
to  the  binding  posts  on  the  corresponding  positions  of  the  dia- 
gram. The  coils  lie  in  slots  one  and  nine  which  corresponds  to 
the  pole  pitch  for  a  six  pole  connection  and  forms  a  good  chord 
for  a  four  pole  connection.  With  the  coil  terminals  brought  out 
in  this  way  the  winding  arrangement  is  plainly  shown  and  the 
coils  can  be  connected  for  any  desired  combination  by  connect- 
ing the  proper  binding  posts  together  with  short  wires.  ^^  ith 
this  motor,  connections  may  be  made  for  four  poles,  cither  two 
or  three  ])hase ;  and  six  poles,  two  phase.  Each  combination 
connected  up  will  rcciuire  a  slightly  different  impressed  voltage 
if  the  same  performance  is  to  be  given  by  the  motor.     The  ratio 
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of  two  to  three  phase  voltage  for  the  same  total  number  of  con- 
ductors may  be  determined. 

Aside  from  these  small  variations  of  the  impressed  voltage, 
the  groups  of  each  phase  may  be  connected  in  several  different 
parallel  combinations,  giving,  in  some  cases,  three  distinct  volt- 
ages, as  for  instance:  loo.  200,  or  400  volts.  Readings  of  im- 
pressed voltage,  current,  speed  and  the  voltages  between  differ- 
ent binding  posts  can  be  taken  to  determine  the  correctness  of 
any  diagrammatic  connections. 

PRONY  BRAKE  FOR   SMALL   MOTORS 

The  ordinary  prony  brake  as  arranged  for  water  cooling  re- 


FIG.  3 

quires  two  water  pipes,  one  for  the  entering  cool  water  and  an- 
other fitted  with  a  scoop  to  drain  the  hot  water  from  the  inside 
of  the  brake  pulley.  \\'ith  small  brakes  it  is  difficull  to  adjust 
the  scoop.  11ie  diameter  of  the  l)rakc  pulley  is  neccssarilv 
small  and  often  it  is  difficult  to  adjtist  both  pipes  in  such  a  small 
space.  The  water  must  be  shallow  in  these  small  ])ulle\-  rims 
and  the  scoo])  nuist  be  placed  \.ery  near  the  rim  of  the  ]>ulle\-  in 
order  to  drain  the  water  ])ro])erly.  Under  these  conditions  an\- 
slight  jar  or  e\en  the  constant  \ibration  from  the  motor  ma\- 
move  the  scooj)  from  its  adjustment.  Aside  from  the  inconxen- 
ience  and  the  liability  of  the  scoop  rubbing  against  the  pullev. 
there  is  the  constant  friction  of  the  scoop  on  the  rotating  cvlin- 
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der  of  water  which  nia\'  l)c  a  considerable  item  in  the  case  of  small 
motors. 

To  o\erct)me  these  difficulties  the  a])i)aratus  .^hown  ready 
for  use  in  Fijj^.  3  and  in  detail  in  I*'i,y'.  4  was  built.  A  brake  pul- 
ley is  used  which  is  pro\ided  with  a  flange  of  the  form  shown  in 
l''i,2;.  4.  Water  is  lead  into  the  ])ulley  by  a  small  pijx'  in  the 
usual  manner  and  when  sufficient  water  has  entered  to  fill  the 
rim  to  overflowing-  it  is  thrown  out  by  centrifugal  force  and  flies 
ofT  the  edge  of  the  flange.  A  metal  V-shaped  case  fits  closely 
around  this  flange  as  shown  in  Fig.  3  and  catches  the  water  as  it 


FIG.  4 


is  thrown  from  the  flange.  A  drain  pipe  in  the  bottom  of  the 
case  carries  the  hot  w-ater  away.  This  apparatus  operates  very 
satisfactorily  and  without  any  throwing  of  water  wdien  stopping 
and  starting  as  is  often  the  case  ^\•ith  the  usual  arrangement, 


TESTING  LARGE  MOTORS,  GENERATORS  AND 
MOTOR-GENERATOR  SETS- II 

C.  J.  FAY 
LOADIXG    BACK    LARGE    DIRECT-CURRENT    R_\IL\VAY    MOTORS 

THE  method  of  loading  back  direct-current  series  motors 
is  somewhat  different  from  that  for  compound  or  shunt 
wound  machines.  Several  methods  have  been  tried  and 
found  to  work  under  special  conditions,  but  not  adapted  to  com- 
mercial testing.  In  loading  back  tests  on  series  railway  motors 
the  two  machines  to  be  tested  are  mounted  on  a  stand  with 
their     shafts     in     line     and 
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coupled  together.  In  test- 
ing these  machines  it  be- 
comes necessary  to  sepa- 
rately excite  the  field  of  the 
machine  running  as  a  gener- 
ator. Xot  only  this,  but  as 
the  machine  running  as  a 
generator  has  to  furnish  the 
current  taken  by  the  ma- 
chine running  as  a  motor,  it 
follows  that,  if  the  motor  is 
taking  full-load  current,  the 
generator  will  be  overload- 
ed, as  the  losses  are  not  sup- 
plied from  an  outside  source 
in  parallel  as  is  the  case 
with  shunt  and  compound  machines.  For  this  reason  it  is 
customary  to  use  a  booster  to  raise  the  voltage  of  the  gen- 
erator so  that  it  will  not  be  necessary  to  over-excite  the  gener- 
ator field.  Ry  controlling  in  this  way,  that  is,  by  connecting 
the  two  machines  together  so  that  the  motor  is  in  j)arallel  with 
the  generator  armature  (with  booster  in  series)  so  that  a  ciiange 
in  one  will  give  a  corresponding  change  in  the  other,  an  arrange- 
ment is  obtained  which  will  work  at  any  load  within  the  limits 
of  the  design  of  the  machines  with  \ery  little  consumption  of 
power  and  with^tit  \er\   much  care  and  attention. 


4^ 


Boc^rter  Fjeld 
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\'\\^.  I  shows  llic 
j^cnfi^al  sclic'iiU'  <»f  cdii- 
iK'ctioii.  I'"ii4'.  2  shows 
the  connections  on  the 
switchboard  nscd  for 
this  test.  I'.y  tlie  use  of 
this  s\vitchl)oar(l  eitlier 
machine  can  l)e  rnn 
either  as  a  motor  or 
i^enerator  as  desired, 
and  in  either  a  ch^ck- 
wise  or  connter-clock- 
wise  (hrection  of  rota- 
tion. The  machine  ter- 
minals are  connected  to 
the  switchlioard  termi- 
nals marked  A  and  P 
in  Fig.  2.  If  machine 
No.  I  is  to  run  as  a  mo- 
tor, switches  i,  2,  3,  4 
and  7  are  thrown  to  the 
left,  5  and  6  may  be 
thrown  either  way.  de- 
])ending'  on  the  way  the 
motors  are  connected  to 
the  terminals  and  also 
upon  the  direction  in 
wdiich  they  are  to  run. 
Switch  10  is  thrown  to 
the  right,  while  11  is 
thrown  to  the  left,  if  the 
]iower  is  to  come  from 
the  shop  500  volt  circuit 
or  to  the  right  if  it  is  to 
come  from  the  testing 
plant  for  very  close  reg- 
ulation or  for  voltages 
other  than  500. 

The     booster      field 
may  be  excited  from  the 
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no  volt  shop  mains  by  throwing  switch  14  up  or  from 
the  testing  plant  by  throwing  the  switch  down.  Switches 
8  and  9  are  always  closed  except  when  reading  current 
in  the  armature  or  field.  Switches  14  and  15  must  be 
closed  to  get  a  field  on  the  booster.  The  starting  con- 
troller is  placed  across  the  terminals  of  switch  12.  With 
the  starting  controller  on  the  first  notch  and  the  circuit 
breaker  and  switch  13  closed,  the  motor  will  start  if  all  the  con- 
nections have  been  properly  made.  With  one  connection  made 
wrong  the  motors  will  not  start.  If  the  machines  start  on  the 
first  notch  the  controller  can  be  brought  gradually  around  to  the 
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FIG.    3 — DIAC.RA\[    OF    CONNKCTIOXS    OF    SERIES    MOTJE    TAHLE 

last  notch  and  tlien  short-circuited  with  switch  12.  when  tl 
chines  will  be  running  under  full  voltage  ready  for  load 
current  in  the  generator  field  is  controlled  by  the  use  of 
ancc  racks  in  series  with  the  tield.  If  the  resistance  is  set  : 
the  field  is  not  over-excited  al  the  rated  load  of  the  mad 
seldom  becomes  necessar\-  to  change  it  except  tor  \ery 
overloads.  .Ml  ordinary  changes  of  load  are  made  by  eit 
creasing  or  decreasing  the  tield  of  the  booster  as  the  ca,- 
recpiire. 

I'.efore  anv  running  tests  are  made  the  cold  resistance 
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armature  and  fuld  arc  taken,  aloni^  with  the  cfjrrespondin^  tem- 
peratures of  the  \vin(hnj4S.  These  readinj^s  are  reduced  to  a 
standard  temperature  of  25  degrees  C.  by  use  of  the   formula. 

—''25  =  ''t  (rrSlt)  '"  '''^'^''^  ^-25  ^^  ^'^c  resistance  at  25  de- 
grees C,  /  is  the  temperature  in  degrees  C.  at  which  the  readings 
were  taken — and  r^  is  the  resistance  at  the  temperature  '. 

For  example,  the  resistances  taken  on  a  200  hp,  570  volt  rail- 
way motor  were,  armalm-e,  0.03495  ohm  ;  field,  0.0369  ohm,  at 
23  degrees  C. 

At  25  degrees  C.  these  resistances  1)ccome : 
0.03495  X  1.0076  =  0.0352  ohm. 
0.0369    X  1.0076:^0.0372  ohm. 

After  the  machines  have  been  connected  to  the  line  the  field 
of  the  booster  and  the  resistance  in  series  with  the  generator 
field  are  regulated  to  give  the  maximum  load  desired  for  a  speed 
curve.  Readings  of  line  volts,  line  amperes,  field  volts  and  speed 
are  taken  at  this  load  and  at  various  loads  down  to  the  load 
which  gives  the  maximum  speed  at  which  the  machine  is  de- 
signed to  run.  For  example,  the  following  readings  were  ob- 
tained for  one  point  on  the  speed  curve  of  the  motor  mentioned 
above : 

Amp.  Volts  Field  A'olts  Speed 

400  570  15-9  556 

Two  sets  of  readings  are  taken,  one  for  clock-wise  and  the 
other  for  counter-clock-wise  rotation,  ^^'hen  these  readings 
have  been  obtained  they  are  corrected  to  a  temperature  of  75 
degrees  C.  and  plotted  in  the  form  of  curves. 

For  example,  at  400  amperes,  counter-clock- wdse  rotation,  15.9 
field  volts,  the  speed  was  556  r.p.m.  by  test.  At  y-,  degrees  C. 
the  resistance  becomes  twenty  per  cent  greater  than  at  25  de- 
grees C.  or  armature  =:  0.0422  ohm  and  field  =  0.0446  ohm.  As 
the  speed  of  a  motor  is  proportional  to  the  counter  e.m.f.,  the 
c.e.m.f.'s  are  determined  for  the  difTerent  temperatures  and  the 
speed  for  75  degrees  C.  can  then  be  calculated. 

The  e.m.f.  applied  to  the  motor  is  known,  also  the  field  re- 
sistance.    The  ratio  of  motor  to  field  resistance  = 

Field  Resistance  +  Armature  Resistance  —  0.0422  +  0.0446 j  qc  C 

Field  Resistance  0.0446  -yJO- 

Then  proportionally  the  total  CR  drop  in  the  motor  = 
15-9  X  1-955  =  31-05  ^'olts. 
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The  c.e.m.f.  then  at  25  degrees  C.  =  570  —  31  ^539  volts. 
At  75  degrees  C.  the  CR  drop  in  the  motor  =:  400  X  0.0868  = 
34.7  volts. 

The  corresponding  c.e.m.f.  =  570  —  34.7  =  525.3  volts. 
Then  the  speed  at  75  degrees  C.  =  556  X  —'^^  =  560  r.p.m. 

TESTING   L.\RGE   SIXGLE-PHASE    RAILWAY    MOTORS 

At  present  single-phase  railway  motors  are  not  tested  on 
alternating   current   by   the    loading   back    method   but    are    run 

either  belted  to  gener- 
ators loaded  on  resist- 
ance or  with  prony 
1j  r  a  k  e  s  .  The  usual 
tests  made  on  these 
motors  are  resistance 
r  e  a  d  i  ngs,  saturation, 
speed  and  torque 
curves,   and   heat   runs. 

The  s  a  t  u  r  atiou 
cur\es  are  taken  by 
I)  e  1 1  i  n  g  the  single- 
phase  motor  to  a  di- 
rect-current shunt  mo- 
tor and  (lri\-ing  it  at 
constant  speed.  Read- 
ings are  then  taken, 
with  var}'ing  field  cur- 
rent, of  armature  and 
field  amperes,  field  watts 
and  speed. 

For  a  torc|ue  curve  the  motor  is  fitted  with  a  prony  brake 
and  connected  to  a  series  motor  table,  the  connections  of  which 
are  shown  in  Fig.  3.  Readings  of  line  amperes,  volts,  torque 
and  speed  are  taken  for  various  loads  from  the  maxiiuuiu  load 
down  to  the  load  giving  the  maxinuim  speed  at  which  the  ma- 
chine is  designed  to  run. 

For  the  speed  cur\e  the  motors  are  coupled  together  and 
connected  to  the  series  motor  table  as  shown  in  l-'ig.  4.  One  is 
rim  as  a  generator  to  load  the  other  as  a  mot(ir,  the  generator  bc- 
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FIG.    4 — DI.\GRAM    OF   CONNECTIONS   TO    SERIF.S 
MOTOR    T.\BLE 
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\\\il  loadcMl  on  a  resistance.  I'-itluT  machine  may  Ijc  run  as  a 
motor  as  may  be  seen  hy  follovvinj^'  out  tlic  connections  of  the 
table  shown  in  Fig.  3.  iveaflinqs  arc  taken  of  field  and  armature 
\()lts,  line  ain])erts,  Hne  and  field  watts,  and  s])eed.  'i"hc  line 
voltat^e  is  held  constant  by  a  motor-operated  induction  re.gulator 
controlled  by  a  two-way  switch  at  the  testint^  table.  W  hile  the 
readini^s  for  the  s])eed  curve  could  be  taken  while  takinj^  the 
torc[ue  cur\e,  ihey  would  not  be  as  satisfactory  because  the  load 
is  not  so  sic.'idy  as  it  is  with  the  loaded  g'enerator.     Fiic^.  5  shows 


FIG.   5. — VIEW   OF  TWO  LARGE  RAILWAY    MOTORS   UNDER   TEST   WITH    FORCED 
VENTILATION 

a  pair  of  large  single-phase  motors  under  test,  illustrating  the 
method  used  for  testing  enclosed  motors  arranged  for  forced 
ventilation.  A  view'  of  the  testing  board  used  for  the  large  di- 
rect-current motors  ma\'  also  be  seen. 


THE  VALUE  OF  OSCILLOGRAMS  IN  CONNECTION 
WITH  AUXILIARY-POLE  MACHINES 

J.    N.     DODD 

IX  a  recent  article  on  "Alcchanical  Aids  to  Commutation,"  * 
reference  was  made  to  the  use  of  auxiliary  poles  and  to  the 
method  by  which  their  proper  strength  can  be  determined 
b^'  means  of  records  from  an  oscillograph  connected  to  two  adja- 
cent commutator  bars. 

A  very   close  approximation   to  the   shape  of  the   magnetic 

field  of  a  machine  may  be  ob- 
tained by  plotting  a  curve 
showing  the  volts  per  com- 
mutator bar.  For  any  ordi- 
nary direct-current  machine 
this  curve  at  no  load  would 
have  a  shape  of  which  the  full  line  curve  in  Fig.  i  is  a  type.  The 
full-load  curve  of  this  machine  would  be  the  combination  of  this 
curve  with  a  curve  due  to  the  armature  magnetization.  This 
curve  of  armatin-e  magnetization 
is  at  approximately  ninety  de- 
grees from  the  no-load  curve 
and  would  be  of  a  form  shown 
by  the  dotted  lin.e  in  Fig  i.  The 
order  to  have  ])erlcct  commuta-  ^'^'  ^ 

tion  the  xolts  \)vv  bar  under  the  brush  should  be  zero.  There- 
fore the  brushes  must  be  shifted  ft)rward  to  a  point  where  the 
volts  per  l)ar  are  zero,  that  is  to  the  points  A  W^  in  l-'ig.  2.      If 

this  machine  is  provided   with   aux- 
iliary   ])olcs    they    nnisl    be    of   such 

strength    as   to   annul    the   effect   of 

the  armature  reaction  at  the  brush- 
es, or  in   other   words,   {o  gi\c   zero 
\<ilts    i)er    bar    at    this    i)oint.      The 
lould    be    of    the    form    shown    by    the 
"iij.    I.        riie    combination    of    this  ciu've 


\Z7 


FIG.    3 

auxiliary-])ole     cur\e 

dot    and    dash    line    in 

with    the    fulbload    cur\e    will    gi\e    the    cur\e    shown    in    Fig. 

3  and    should    give    ])erfect    commutati<in.     This    can    be    illus- 
trated    by     an     example     taken     from     actual     experience.       I'Mg. 

4  is    the    no-load    field    form,    as    taken    b}-    an  oscillograph,    of 
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a     machine     provided     with     auxiHary     poles.      This     curve     is 
perfectly  symmetrical  so  that  the  direction  the  machine  is  run- 


FIG.   4 

ning^  cannot  be  determined  from  the  curve.     The  neutral  or  zero 
^'oltag•e   spaces,  while   narrow,  are   of  sufficient   width   to   allow 


FIG.  5 

perfect  commutation.     Fig.  5  shows  the  oscillograph  curve  of  the 
same   machine   under  load.     Two  points   may  be  noted.     First, 


FIG.   6 

the   field   is   distorted.     Consequently   the   direction    of   rotation 
may  be  told  as  the  field  is  pulled  over  in  the  direction  the  ma- 
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chine  is  running.  Second,  it  may  be  seen  that  the  auxihary 
field  is  too  strong.  Without  the  auxiliary  field  the  field  from 
the  main  pole  is  pulled  over  into  the  brushes.  On  this  machine, 
however,  the  reversing  effect  of  the  auxiliary  fields  is  so  strong 
that  the  voltage  at  the  brushes  is  reversed  from  what  it  would 
be  without  the  auxiliary  fields.  The  commutation  in  this  case 
was  bad.  The  oscillograph  curve  shown  in  Fig.  6  was  taken 
with  the  same  load  but  with  the  auxiliary  fields  shunted  until 
perfect  commutation  was  obtained.  It  may  be  seen  that  in  this 
case  the  voltage  at  the  brushes  is  zero,  as  might  be  expected. 

An  interesting  case  is  where  the  main  fields  are  very  weak 
and  the  armature  is  very  strong.  The  results  should  be  as  shown 
in  Figs.  7  and  8.  That  is.  to  obtain  perfect  commutation  the 
strength  of  the  auxiliary  field  should  be  equal  to  the  strength  of 
the  armature  field  at  the  brushes.  The  fact  that  the  field  is  dis- 
torted pa'^t  the  brushes,  that  is,  that  we  have  the  same  polarity  on 

FIG.  7  FI<^-    8 

each  side  of  the  In-ush,  d(X\s  not  interfere  with  perfect  C(nnmuta- 

tion. 

An  illustration  of  this  may  be  seen  from  iMgs.  9  and  10  which 
are  oscillograms  of  a  machine  running  under  the  conditions  given 
above,  namelv,  with  a  weak  main  field  and  a  strong  armature. 
Fig.  9  is  with  poor  commulation.  With  Ing.  lo.  although  the 
commutation  was  not  ix-rfcct  nevertheless  the  voltage  durmg 
commutation  was  ke])!  down  to  a  low  figure  and  the  comnuitation 
was  g(  lod. 

The  difference  between  auxiliary  poles  and  the  Ryan  or  Deri 
winding  may  here  l)e  pointed  out.  In  the  Ryan  or  Deri  winding 
the  field,  instead  of  consisting  of  salient  poles,  consists  of  a  con- 
tinuous ring  entirely  surrounding  the  armature.  The  auxihary 
winding  is  distributed  over  ihe  lace  ot"  tins  ring,  the  object  being 
to  annul  the  armature  magnetization  over  its  whole  extent.  That 
is.  the  shape  of  the  field  caused  by  the  auxiliary  wind,  is  identical 
with  the  armature  field  but  in  the  opposite  direction  instead  of 
being  of  the  same  value  only  at  the  brushes  as  with  auxiliary 
poles.  It  possesses  certain  advantages  over  the  use  of  auxiliary 
poles.     These  advantages  may  be  seen  l)y  an  inspection  of  Figs. 
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7  and  S.  With  a  iiiaciiiiU'  i>l'  llie  cliai-acu-n'stics  shown  in  these 
two  ti^iircs  with  auxih'ary  ])olcs  the  full  load  \dlts  per  bar 
and  the  arnialinx'  induction   arc  as  shown   in    \-"\''.  <S.      With  the 


riG.  9 

Ryan  or  Deri  winding  (compensated  winding")  they  are  as  shown 
in  the  full  line  of  Fig.  y.  On  account  of  the  value  of  the  volts 
per  bar  a  dirty  commutator  can  cause  much  more  trouble  with 
auxiliary  poles  than  with  compensated  winding. 

With  regard  to  the  induction  it  will  be  noted  that  with  a 


FIG.    10 

compensated  winding  for  every  cycle  of  the  armature  the 
value  of  the  induction  at  the  surface  of  the  armature  has  two 
distinct  maxima  and  these  are  low  W'hile  with  auxiliary  poles 
there  are  four  distinct  maxima  and  for  each  of  these  the  induction 
is  high.  That  is,  the  iron  loss  is  increased  because  the  frequency 
is  doubled  and  induction  is  much  higher. 


FREQUENCY  METERS 

F.  CONRAD 

IN  THE  commercial  measurements  of  electrical  quantities, 
that  of  current  is  the  only  one  in  which  the  measurement 
is  directly  referred  to  the  quantity  in  question.  In  an  am- 
meter the  effect  produced  by  the  current  is  directly  the  means 
of  indication.  For  measurement  of  potential  it  is  necessary  to 
refer  to  the  current  which  will  flow  in  a  circuit  of  known  resist- 
ance. A  possible  exception  to  this  may  be  found  in  the  "spark 
gap"  method  of  potential  measurements.  In  the  measurement 
of  frequency  we  are  dealing  with  the  cyclic  changes  of  another 
quantity,  that  of  potential,  and,  as  usually  the  changes  occur  too 
rapidly  to  be  observed  directly  by  a  potential  measuring  device, 
it  is  also  necessary  to  resort  here  to  an  indirect  method  of  ob- 
servation. 

Instruments  now  in  commercial  use  operate  on  one  or  the 
other  of  the  following  principles,  namely,  the  sensitiveness  of  a 
vibrating  reed  to  respond  to  an  operating  force  of  the  same  fre- 
quency only,  and  the  change  in  impedance  produced  in  inductive 
circuits  by  change  of  frequency. 

Instruments  of  the  first  type  usually  consist  of  a  nmnber  of 
steel  reeds  tuned  to  various  pitches  over  a  certain  range  of  vil^ra- 
tion.  The  reeds  are  placed  within  the  attractive  influence  of  a 
magnet  which  is  energized  b_\-  a  potential,  the  frequency  of  which 
it  is  desire<l  to  obtain.  The  general  ct)nstruction  of  an  instru- 
ment of  this  ty])c  is  comparati\ely  sini])le  as  it  has  no  mo\-ing 
parts  on  pi\H)ts  or  l)earings.  'I'o  obtain  the  best  results  it  is 
necessary  that  the  ])otential  be  maintained  at  a  \alue  wliich 
does  not  differ  greatly  from  tluit  for  which  the  instrument  has 
been  designed,  as  with  to(^  low  a  value  the  amplitude  of  vil')ra- 
tions  will  not  be  sufficient  to  be  readily  observed.  With  too  high 
a  value  a  ntimber  of  reeds  differing  in  pitch  from  that  of  the 
circuit  ma\'  start  intt)  \ibration  with  \arying  ampliliule  as  thoy 
come  into  and  otit  of  s\nchronisiu  with  the  magnetic  field.  In 
view  of  this,  and  from  the  fact  thai  at  the  best  the  readings  are 
largely  a  matter  of  estimation  tliis  type  ^^i  metei-  has  not  come 
into   \ery   extended   use   in    this   country. 

.\  sinii)le  instrununt  of  the  second  type  would  consist  of  an 
anuneter  connecleil  in  circuit  with  an  imiH'dance  of  known  value 
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and  across  a  circuit  of  known  i)otcntial.  J'"roni  the  current  read- 
ing obtain(,il  and  tlic  known  \alue  of  potential  and  impedance, 
the  frec|uency  may  be  obtained  by  calculation.  To  make  the 
instrument  direct  reading  it  would  be  necessary  to  maintain 
the  potential  at  some  fixed  value  or  to  introduce  some  com- 
pensating device  in  the  instrument,  the  latter  principle  being  the 
one  employed  in  most  instruments  now  in  commercial  use. 

The  construction  in  general  consists  of  an  operating  ele- 
ment in  series  with  an  inductive  resistance  and  a  retarding  or 
compensating  element  in  scries  with  a  non-inductive  resistance. 
No  controlling  spring  is  used,  the  retarding  element  taking  its 
place.  If  the  torque  of  the  operating  and  retarding  element  varies 
in  the  same  ratio  with  changes  of  voltage,  the  instrument  will  give 
indications    which    arc    independent    of   changes   of   voltage. 

The  chief  causes  which  would  produce  variation  of  reading 
with  change  of  voltage  are : 

I — Increase  of  non-inducti\'e  resistance  due  to  heating  on 
nigh  voltages. 

2 — Change  of  permeability  of  iron  in  inductive  resistance 
with   change  of   current. 

3 — Dissimilarity  of  ratio  l:)ctween  torque  and  voltage  of  op- 
erating and  retarding  elements. 

The  first  may  be  minimized  by  keeping  the  heating  effect  of 
the  current  low  and  using  a  wire  of  low  temperature  coefficient. 
The  second  will  ahvays  be  present  to  a  greater  or  less  extent, 
but  it  may  be  corrected  by  combining  it  with  the  third  in  such 
a  proportion  that  the  two  will  cancel  out. 

The  general  construction  of  the  instrument  may  be  such  that 
it  will  harmonize  in  appearance  and  method  of  reading  with  that 
of  other  instruments  which  may  be  used  in  the  same  installa- 
tion, and  from  the  manufacturers"  standpoint  it  possesses  the 
advantage  of  using  parts  which  are  interchangeable  with  other 
'instruments  such  as  voltmeters  and  ammeters. 


EXPERIENCE  ON  THE  ROAD 

O.  H.  CROSSEN 

IN  a  certain  plant  in  the  Middle  West  the  rotary  converters  for- 
merly gave  trouble  during  electrical  storms  by  going  out  of 
phase  with  the  generators.  The  sub-station  in  which  the  con- 
verters are  located  is  in  the  central  part  of  the  city  and  receives  its 
power  from  the  main  power  station,  nineteen  miles  away.  The 
transmissiou  voltage  is  loooo  volts,  three-phase,  60  cycles.  The 
voltage  is  lowered  to  350  volts  at  the  sub-station  for  the  rotary  con- 
verter and  motor-generator  sets.  There  are  two  compound-wound 
converters  of  175  kw  capacity,  each  built  to  give  550  volts  direct-cur- 
rent.    The  trouble  with  the  converters  had  been  obviated  bv  using  a 
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llii.    I — DIAGR.\M    OF   CONNECTIONS 

motor-generator  set  for  sc])aratcly  exciting  the  fields  of  the  convert- 
ers. A  diagram  of  the  connections  used  for  tliis  purpose  is  slK)wn  in 
Fig.  I.  To  sep:irately  excite  the  converter,  if  it  is  running  self-ex- 
citing, the  potential  of  the  generator  of  the  exciting  set  is  adjusted 
to  that  of  the  converter  and  the  plug  switch.  I'ig.  1,  is  closed  and  the 
tield  clianging  switch  moved  from  ])osition  /  to  position  _'  or  vice 
versa.  The  exciter  runs  \n  jiarallel  with  the  ct>n\erler  while  switch- 
ing over  as  the  blade  of  the  field  changing  switch  is  in  contact  with 
the  negative  side  of  the  converter  circuit  and  also  the  negative  side 
of  the  exciter  circuit  at  the  same  time.     The  plug  switch  connects  the 
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l)()sitivc  sides  toi^ctbcr.     'I'lu-sc  clianL;cs  and  the  use  of  the  connec- 
tions as  shown  proved  (|iiite  satisfactory. 

These  converters  were  built  before  it  became  the  practice  to  put 
(hmi])ers  on  the  ])ole  tips.  J)amiK'rs  were,  however,  ])ut  on  some  time 
after  the  niacliines  were  installed.  They  were  of  the  earlier  type 
consisting-  of  a  ring  of  copper  around  the  ix)lc  tips.  When  the  ma- 
chines were  in  use  these  dampers  became  (|uite  lint  and  heated  the 
shunt  field  coils  llius  increasing  their  resistance  until  it  was  impossi- 
ble to  get  a  high  pow- 
er-factor after  the  ma- 
chine had  been  running 
for  a  few  hours.  This 
made  the  line  loss  large 
and  the  regulation  of 
the  direct-current  volt- 
age poor.  A  rather  un- 
usual method  was  ta- 
ken to  increase  the 
shunt  field.  Auxiliary 
shunt  field  coils  were 
wound  on  forms  and 
]:»ut  on  over  the  shunt 
fields  as  shown  in  Fig. 
2.  The  following  may 
b  e  fo  u  n  d  useful  as 
showing  the  m  e  t  h  o  d 
used  in  finding  the  size 
of  wire  and  ampere-turns  of  the  auxiliary  winding  necessary  to 
give   a  high   power-factor   after  the  machine  had  heated  up. 

SHUNT   FIELD  RESISTANCE 

Readings  taken  before  and  after  a  run  of  fifteen  hours. 

Cold  Hot 

Air— 26°  C.  Air— 26°   C. 

\o\is  Amperes  ^^olts  Amperes 

520  5.97  520  4.86 

570  6.65  570  5.32 

Coo  6.89  6oD  5.60 

At  full-load  and  normal  frequency  with  a  shunt  field  current  of 

6.55  amperes  and  the  direct-current  voltage  at  570,  one  hundred  per 

cent,  power-factor  could  be  obtained. 


-VIEW     SHOWING    EXTRA    FIELD    TURNS 
IN    POSITION 


EXPERIEXCE  OX  THE  ROAD  539 

The  resistance  of  the  shunt  field  at  26  degrees  C.  was  87  ohms. 
After  a  run  of  fifteen  hours  the  temperature  was  85  degrees  and  the 
resistance  was  107  ohms,  and  the  shunt  field  current  had  fallen  to 
5.32  amperes.  The  number  of  turns  can  be  found  by  dividing  the 
resistance  of  the  winding  by  the  resistance  of  one  turn.  The  aver- 
age length  of  a  turn  can  be  ascertained  by  measuring  a  field  coil, 
making  a  drawing  of  the  same  and  finding  the  average  length  graph- 
ically.    The  average  length  was  found  to  be  55  inches. 

The  resistance  of  a  thousand  feet  of  Xo.  13  copper  wire  at  26 
degrees  is  2.045  ohms,  the  resistance  of  one  turn  is  0.00937  ohms. 

87 
0.00937     =^  9-8 1  turns.     There  are  ten  coils,  hence 


9281 


928  turns  per  coil. 


10 

If  the  machine  will  give  the  required  power-factor  when  cold,  it 
is  evident  that  the  additional  number  of  ampere-turns  reciuired  for 
the  field  is  equal  to  the  difference  between  the  ampere-turns  that  the 
machine  will  give  when  cold  and  when  hot. 

The  ampere-turns  when  the  temperature  of  the  field  coils  was 
26  degrees  at  570  volts  =  9  280  X  6.55  =i  60  784  ampere-turns.  The 
maximum  ampere-turns  when  the  temperature  of  the  coils  was  85 
degrees  with  570  volts  =  9  280  X  5-32  =  49  370  ampere-turns.  The 
required  additional  ampcrc-turns  ==  60  784  —  40370=11414  am- 
pere-turns. 

In  finding  the  size  of  wire  recjuirod  the  available  winding  si)acc 

should  \x  measured.     It  was  found  that  a  coil  one  inch  thick  by  two 

and  one-quarter  inches  wide  could  be  used.     Allowing  for  insulation 

a  coil    seven-eighths   of  an    inch   thick   could   be   used.     The    mean 

length  of  one  turn  was  found  to  be  5.5  feet.     The  reciuired  size  of 

wire  is  given  by  the  following  formula,  allowing  ten  per  cent,  for 

regulation  witli  a  rheostat: 

A^„3  _     laxLxAT         12 X  5.5  X  IT  414  ^0     .       ,  ., 

/vrea — — -^^ i_^_  =  1468  cuxular  mils. 

E  570—57  ^ 

Tlic  nearest  gauge  size  lo  thai  era  is  Xo.   iS.  with   1  ()45  cir.  )uils. 

I'he  current  density  in  coils  placed  over  hot  coils  must  necessa- 
rily l)e  low.  say  about  one  thousand  circular  mils  per  ampere.  Al- 
lowing a   rise   in   teinperature   of  30  degrees   the   resistance  of  the 

winding  at  ^O  degrees  should  l)e  .     ":',  ,^  ^^=^  ^'7  "hms  and  the  cnr- 

1 .6-+  -f  0. 16        ^ 

rent  at   570  volts.   1.8  amperes.     The  resistance  of  a  thousand  feet 
of  No.   iS  copper  wire  at  50  degrees  is  y.2<\7,  ohms  or  0.007 2^)3  ohms 
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317 
j)er  ft.     The  Icn.yth  of  the  wire  in  the  winding  will  be 

=  43  C)45  feel.      The  len,i;th  of  the  wire  in  tlu'  winding  di\-ided  by 

...      .        ^,  ,  r  ,  43  64.5  ^  7  93.i 

one  tnrn  wul  gi\'e  the  nninber  ol  turns,       — ^-^  =7  9^S  ••'i'       --rTT 

^793  turns  per  spool. 

The  available  winding  space  was  seven-eighths  of  an  inch  by  two 
and  one-eighth  inches.  The  number  of  turns  per  square  inch  of  No. 
1 8  single  cotton  insulated  copper  wire  is  448.     Turns  per  spool,  793. 

jTo  =  1-77  sq.  in.     Width  of  coil=^-^  =2.02  inches. 

The  available  ampere-turns,  allowing  ten  per  cent,  for  regulation 
(1.8 — .18=  1.62)  =  1.62  X  7930  =  12846.  The  recjuired  ampere- 
turns  was  II  414. 

After  this  winding  was  completed  a  rheostat  was  put  in  series 
with  the  circuit  to  vary  the  current  from  1.8  to  1.62  amperes.  It  was 
set  to  give  1.75  amperes  with  570  volts  and  left  in  that  position.  The 
field  current  was  regulated  with  the  rheostat  in  the  main  shunt  field 
circuit.  After  the  auxiliary  shunt  field  coils  were  put  on  the  current 
in  the  main  shunt  field  was  lowered  with  a  rheostat.  This  lowered 
the  temperature  so  that  the  converters  could  be  synchronized  hot 
without  first  separately  exciting  the  field  as  had  been  done  before. 
Also  a  leading  power-factor  could  be  obtained  if  the  voltage  was  not 
more  than  five  per  cent,  high  and  the  frequency  not  more  than  four 
per  cent.  low.  It  was  desirable  that  the  converters  give  a  leading 
power-factor  to  bring  the  power-factor  of  the  total  load  up,  as  part 
of  the  load  was  induction  motors  and  series  arc  transformers. 

A   METHOD  OF  COMMUTATOR  GRINDING 

It  was  found  that  the  commutation  was  improved  by  using  the 
brushes  themselves  for  grinding  the  commutators.  For  this  purpose 
the  machine  is  driven  by  the  small  starting  motor  on  its  shaft,  and 
its  field  circuit  left  open  so  that  no  electro-motive  force  will  be  gen- 
erated. Light  engine  oil  is  then  applied  to  the  commutator  with  a 
cloth.  Within  from  three  to  five  minutes  the  surface  of  the  commu- 
tator will  be  ground  smooth  due  to  the  cutting  of  the  brushes. 
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The  question  of   locomotives   vs.  multiple-unit  car 

M  fh  ri      f     equipments  taken  up  by  Mr.  Street  in  this  issue  of 

,_  the  Journal    is    of    just  as  great  interest  now  as 

„         ^.  when  the  locomotive  system  received  its  first  defeat 

Operation  ,     ,       ,       r    ,  ,  •  , 

at  the  hands  of  the  multiple-unit  system  some  years 

ago.  Each  system  undoubtedly  has  its  own  field 
of  operations ;  for  instance,  no  one  would  think  of  operating  the 
trains  in  the  New  York  Subway  with  locomotives,  and  it  is  a  bold 
man  who  would  start  equipping  all  the  cars  on  steam  rairoads  which 
are  considering  the  adoption  of  electricity,  with  motor  and  control 
equipments.  But  there  is  a  field  intermediate  between  these  two 
where  the  line  is  not  so  sharply  drawn  and  where  either  system 
would  operate  with  fair  satisfaction. 

The  curves  shown  in  Mr.  Street's  article  point  out  the  disad- 
vantages of  the  locomotive  in  handling  trains  of  widely  varying 
weights,  but  it  is  conceivable  that  in  many  instances  where  the 
sizes  of  suburban  trains  are  not  so  widely  different  that  locomo- 
tives could  easily  be  adopted  for  such  service  and  operate  economic- 
ally. It  is  probable  that  such  service  would  be  better  handled  by 
small  locomotives  operated  on  the  multiple-unit  system  than  by 
very  large  units,  since  the  greater  the  subdivision  of  power  the 
better  variations  in  the  size  of  train  may  be  cared  for.  b'or  such 
service  small  locomotives  with  one  end  fitted  up  with  a  baggage 
compartment  would  operate  very  satisfactorily.  For  through  ser- 
vice the  locomotive  will  continue  to  be  used  until  the  system  of 
electric  traction  is  so  standardized  that  any  equipment  will  operate 
on  any  line.  Present  indications  are  that  this  date  will  a])]iear  a 
few  months  this  side  of  the  niillenium,  but  there  is  some  possibility 
of  shortening  this  time.  In  the  meantime  each  proj^osition  should 
be  considered  by  itself  and  the  decision  between  locomotives  and 
niulti])le-nnit  equipments  nia<le  mi  their  own  niorits. 

N.  W.  SroRKR 
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I  recall  a  statement  by  a  writer  upon  political  af- 
Unforseen  fairs  to  the  effect  that  the  unforeseen  consequences 

Consequences    of  a  new  law  were  apt  to  exceed  those  which  were 
in  Engineering  anticipated. 

The  same  j^rinciple  applies  in  engineerini^  mat- 
ters. Many  a  uitw  desig-n  or  invention  has  proved  ineffective,  not 
because  it  did  not  accomplish  what  was  intended,  but  because  some 
new  feature,  perhaps  in  itself  trifling,  has  appeared  which  most 
provokingly  makes  the  whole  device  inadmissable.  Sometimes  a 
change  in  some  one  feature  increases  certain  elements  which  pre- 
viously had  been  negligible  and  gives  them  an  unexpected  prom- 
inence. 

The  law  of  squares  and  the  law  of  cubes  is  one  source  of  dis- 
turbance. Double  the  linear  dimensions  of  a  transformer  and  its 
volume  is  eight  times  as  great.  If  the  internal  losses  increase  in 
this  ratio  while  the  surface  is  only  doubled  and  the  distance  from 
center  to  surface  is  also  doubled,  they  may  cause  the  internal  tem- 
perature rise  to  increase  accordingly  in  a  higher  power  than  is 
acceptable.  Eddy-current  losses,  which  may  h^  negligible  and  un- 
noticed in  certain  apparatus,  may  produce  quite  conspicious  results 
when  dimensions  of  conductor,  size  of  armature  slot,  induction 
density  or  frequency  are  changed.  Windings  whose  mechanical 
strength  has  never  been  questioned  succumb  to  the  current  which 
larger  generators  give  on  short-circuit,  as  is  clearly  shown  by  the 
remarks  of  Mr.  Peck  in  this  issue  of  the  Journal.  Similarly,  fuses 
and  circuit  breakers  after  an  unimpeached  record  for  years  of  ser- 
vice have  disappointed  their  designers  when  supplied  with  current 
from  generators  which  are  reasonably  successful  in  maintaining 
their  voltage  on  short-circuit. 

The  designer  who  is  quite  familiar  with  the  use  of  insulating 
materials  for  use  with  apparatus  of  a  few  hundred  volts  may  be 
quite  oblivious  to  the  problems  which  would  confront  him  in 
loooo-volt  apparatus,  and  were  he  ])roficient  in  this  field  he  might 
still  be  quite  ignorant  of  the  new  difficulties  to  be  encountered  when 
another  cypher  is  added  to  the  voltage  specifications.  A  new 
order  of  care  is  required  when  a  few  spoonfuls  of  moisture  will 
vitiate  a  barrel  of  insulating  oil. 

A  foresightedness  which  will  indicate  what  will  be  the  actual 
as  well  as  the  desired  results  is  essential  to  the  general  engineer  as 
well  as  to  the  desisfner.     It  is  a  most  difficult  matter  to  estimate 
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all  of  the  effects  of  a  change  in  conditions,  and  trouble  is  most  apt 
to  come  where  it  is  unexpected. 

It  is  unusual  for  a  single  cause  to  produce  a  single  effect. 
Usually  many  causes  combine  to  produce  complex  results.  In  ap- 
plying certain  apparatus  or  operations  to  new  conditions  it  is  no 
simple  matter  to  recognize  in  what  way  some  of  them  may  act  as 
new  causes  or  to  trace  their  effects  to  the  final  results.  It  is  not 
only  difficult  to  foresee  effects,  but  it  is  difficult  even  to  analyze 
and  determine  the  true  relations  between  causes  and  effects  after 
the  action  has  taken  place  and  the  effects  have  been  produced.  The 
quality  of  keen  and  unprejudiced  observation  is  rare.  Most  of  us 
are  apt  to  have  preconceived  ideas  as  to  what  are  the  effective 
causes  and  are  quite  blind  to  others.  The  problem  is  particularly 
difficult  when  there  are  several  contributing  causes,  as  there  is  a 
tendency  when  one  or  two  have  been  determined  to  conclude  that 
they  are  the  only  ones.  Every  now  and  then  there  are  instances 
in  which  the  reason  for  some  peculiar  effect  is  finally  found  in 
some  simple,  unexpected  place  where  it  had  been  overlooked  in 
the  search  for  some  complicated,  "theoretical"  cause. 

But,  the  greatest  test  of  constructive  engineering  is  in  prede- 
termining the  results  which  will  follow  from  new  causes  and  con- 
ditions. It  calls  for  imagination,  guided  by  a  broad  knowledge  of 
scientific  and  engineering  principles.  These  are  the  basis  for  fore- 
seeing what  new  phenomena  are  apt  to  appear  and  for  pre-estimat- 
ing  their  effect.  Hence,  also  the  value  of  a  habit  of  foreseeing 
things  that  one  is  not  looking  for.  For  these  reasons  the  man  who 
is  equipped  with  a  technical  knowledge  and  a  trained  mind  is  apt 
to  be  the  one  who  is  best  able  to  meet  new  and  emergency  condi- 
tions, provided  the  mind  is  trained  to  use  the  knowledge. 

Cti.\s.  F.  Scott 


In  the  last  issue  of  the  JorRXAi.  a  very  interesting 
The  example  was  given  of  wliat  the  oscillograph  is  do- 

Oscillograph  ing  in  itractical  engineering  work.  This  very  im- 
pt)rtaiit  piece  of  apparatus  is  being  more  generally 
used  every  day.  It  is  no  longer  looked  upon  as  an  interesting  in- 
strument fit  for  laboratory  service  only.  Engineers  are  rapidly  find- 
ing uses  for  it  that  give  them  new  insight  into  the  working  of 
their  machines.  Old  theories  are  being  checked  or  disproved. 
The  instrument  itself  is  more  nearly  like  a  galvanometer  than 
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any  other  piece  of  apparatus,  differing  from  it  principally  in  the 
periodicity  of  its  moving  parts,  the  oscillograph  having  a  natural 
period  of  oscillation  of  several  thousand  per  second.  It  is  thus  an 
easy  matter  for  it  to  follow  variations  in  wave  forms  that  have  a 
frequency  of  a  thousand  or  lower.  Its  deflections,  like  those  of  a 
galvanometer,  are  indicated  by  the  movement  of  a  spot  of  light  re- 
flected from  a  small  mirror.  In  order  to  separate  the  individual 
oscillations  so  as  to  present  the  appearance  of  a  wave  form  showing 
the  instantaneous  values  at  various  times,  it  is  necessary  to  obtain 
a  motion  at  right  angles  to  the  line  of  the  deflecting  spot  of  light. 
This  motion  for  visual  inspection  is  obtained  by  viewing  the  oscil- 
lating light  spot  as  reflected  from  a  revolving  mirror.  For  per- 
manent record,  a  photographic  plate  or  film  is  moved  rapidly  past 
the  light  spot.  An  experienced  operator  is  required  in  order  to  se- 
cure satisfactory  results.  The  greater  part  of  the  difficulties  lie 
in  the  manipulation  of  the  optical  system  which  is  used  in  securing 
the  reflected  light  spot.  The  instrument  is  connected  into  the  cir- 
cuit like  a  voltmeter  or  an  ammeter,  suitable  resistances  or  shunts 
being  used  in  the  respective  connections.  Most  oscillographs  are 
provided  with  two  or  more  independent  oscillating  systems  so  that 
they  can  be  used  for  indicating  the  variations  in  two  or  more  cir- 
cuits simultaneously. 

The  current  and  voltage  variations  resulting  from  the  blow- 
ing of  a  fuse,  the  opening  of  a  circuit  breaker,  the  discharging  of  a 
lightning  arrester,  the  switching  of  transformers  on  high  tension 
lines  and  many  other  momentary  conditions,  can  be  studied  with  an 
oscillograph  better  than  any  other  way.  It  is  also  of  equal  import- 
ance in  examining  the  wave  forms  of  recurring  phenomena.  It  is 
very  frequently  called  upon  in  the  diagnosis  of  serious  cases  of  trou- 
ble and  generally  proves  equal  to  the  emergency. 

S.    M.    KiNTNER 
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NOTES  ON  THEIR  CONSTRUCTION.  PERFORMANCE  AND  OPERATION 
P.  M.  LINCOLN 

« 

THE  general  subject,  Alternating-Current  Generators,  is  too 
extensive  to  admit  of  exhaustive  treatment  in  a  limited 
article  such  as  this  must  be.  The  following  pages  there- 
fore make  no  pretense  of  exhausting  the  subject;  they  partake  more 
of  the  nature  of  a  series  of  notes. 

Most  of  these  notes  are  of  a  general  nature  and  pertain  equally 
well  to  alternators  of  any  manufacturer.  Where  they  are  specific 
they  relate  to  Westinghouse  machines. 

The  notes  are  segregated  into  three  general  headings,  viz : — 
Construction, 
Performance, 
Operation. 
The   paragraphing  indicates  the  general  headings  as   well   as 
the  sub-headings  into  which  they  are  again  divided. 

CONSTRUCTION 

General  Tyf^e — The  standard  alternators  as  at  present  built 
by  all  modern  manufacturers  are  of  the  revolving  field  type.  Re- 
volving armature  types  are  still  manufactured,  but  only  to  supply 
the  demand  which  was  created  before  the  merits  of  the  revolving 
field  type  were  as  universally  recognized  as  they  are  now.  The 
merits  of  the  revolving  field  type  over  the  revolving  armature  type 
are,  briefly,  as  follows : — 

First.  The  revolving  field  type  gives  more  space  for  the  ar- 
mature winding.  T-'or  high  potential  machines  this  point  becomes  an 
important  one. 

Second.  The  insulation  of  the  armature  is  relieved  from  the 
strains  of  centrifugal  force. 

Third.  The  number  of  collector  rings  is  reduced  to  a  mini- 
mum, viz.,  two;  and  the  amount  of  energy  to  be  handled  by  them 
is  only  about  two  per  cent  of  that  which  would  have  to  be  trans- 
mitted through  the  collector  rings  of  a  revolving  armature  gen- 
erator of  the  same  capacity.  The  voltage  on  the  collector  ring^ 
is  also  relativelv  small. 
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Frame — Where  a  considerable  demand  is  anticipated  it  is  cuS' 
tomary  to  lay  out  a  complete  line  of  machines,  the  contiguous  sizes 
of  which  differ  in  weight  by  some  fifteen  or  twenty  per  cent.  The 
capacity  of  a  given  frame  depends  upon  the  speed,  voltage  and  per- 
formance demanded  by  the  conditions. 

For  the  smaller  sizes  the  frames  are  solid.  Solid  frames  are 
used  until  an  outside  diameter  of  approximately  eight  feet  is  reach- 
ed. Above  this  diameter  the  frames  are  split ;  this  split  con- 
struction being  necessary  because  dimensions  are  limited  by  con- 
siderations of  shipping  and  handling. 

The  main  point  to  be  looked  after  in  alternator  frames  is  a  de- 
sign that  will  give  the  maximum  of  rigidity.  The  only  function 
of  the  frames  of  rotating  field  alternators  is  to  hold  rigidly  in  place 
the  parts  composing  the  stationary  element.  They  perform  no 
magnetic  function.  The  frame  is  further  designed  with  openings 
at  the  back  of  the  laminations  to  give  thorough  ventilation.  The 
manner  of  obtaining  this  ventilation  will  be  described  in  a  later 
paragraph.  The  frames  contain  dove-tailed  slots  into  which  the 
laminated  iron  for  the  stationary  part  is  pressed.  The  laminated 
iron,  however,  carries  all  the  magnetic  flux  and  the  frame  is  simply 
for  the  purpose  of  holding  it  in  position. 

Bed  Plate  and  Bearing  Pedestals — Alternators  may  be  divided 
into  three  types  depending  upon  the  method  of  driving,  viz:  engine 
type,  coupled  type  and  belted  type.  In  the  engine  type  the  revolving 
element  is  mounted  directly  on  an  extended  engine  shaft. 

In  the  coupled  type,  as  the  name  indicates,  the  alternator  is 
entirely  self-contained  and  is  designed  to  be  coupled  directly  to  a 
prime  mover,  usually  a  water  wheel. 

In  the  belted  type  the  alternator  is  self-contained  and  mounted 
entirely  separate  from  the  prime  mover  and  connected  therewith 
by  a  belt. 

The  almost  universal  practice  is  to  make  the  bed  plate,  the  in- 
dividual bearing  pedestals  and  the  frame  all  separate.  The  parts 
are  properly  machined  and  bolted  together.  This  practice  enables 
the  manufacturer  to  use  the  same  parts  for  the  various  types  of 
machines,  and  to  vary  the  combinations  of  bed  plate,  bearing  ped- 
estal and  frames  to  suit  any  case  that  may  arise. 

For  some  of  the  smaller  belted  machines  a  bracket  bearing 
support  instead  of  pedestal  on  a  bed  plate  is  used.  This  allows 
the  size  of  the  bed  plate  to  be  reduced  to  a  minimum.     This  is 
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general  practice,  however,  only  for  the  very  smallest  sizes  of  ma- 
chines. 

Stationary  Armature — As  indicated  under  the  paragraph  above 
on  frames,  the  stationary  armature  is  made  by  assembling  the 
pimchings  into  the  cast  iron  frame.  Each  punching  is  supplied  with 
dove-tailed  projections  which   fit   into   properly  milled  and   spaced 


FIG.    I — VIEW   OF   FRAME   AND  ARMATUE   WINDING   OF   A   200   KW 
ALTERNATOR 

dove-tailed  slots  in  the  frame.  The  punchings  are  separated  at  in- 
tervals by  ventilating  plates,  which  give  opportunty  for  air  to  cir- 
culate freely  through  the  ducts  thereby  created  and  out  at  the  oi>en 
back  of  the  frame,  as  mentioned  under  the  heading  "Frame."  Heavy 
end  plates  are  supplied  at  both  ends  of  the  laminations  so  as  to  pre- 
vent their  bulging  out  at  the  ends.  Figure  i  shows  a  frame  with 
the  laminations  and  windings  placed  therein  complete. 

Terminals — Flexible  leads  are  brought  through  the  frame  of 
the  machine  near  the  bottom  and  connected  directly  to  the  line  or 
to  terminal  blocks  which  are  mounted  on  the  frame.  The  former 
arrangement  is  usually  employed. 
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Rotating  Field — The  construction  of  the  rotating  field  is  very 
similar  to  that  of  the  stationary  armature  except  that  the  punch- 


FIG.    2 — VIEW   OF   LAMINATED   FIELD   CORE   IN    PROCESS   OF   CONSTRUCTION,    SHOWING 
OVERLAPPING   JOINTS,   VENTILATING    SPACES,   ETC. 

ings  are  dove-tailed  into  a  rotating  spider  instead  of  a  stationary 
frame.    The  method  of  construction  is  well  shown  in  Figs.  2  and  3. 


FIG.3 — VIEW    OF   FIELD   CORE    OF   A   REVOLVING   FIELD    ALTERNATOR   IN    COURSE   OF 

CONSTRUCTION 


ALTERNATING-CURRENT  GENERATORS  540 

Numerous  ventilating  slots  are  left  through  the  rotating  field  as 
well  as  the  stationary  armature.  Air  circulates  through  these  open- 
ings in  the  field  and  thence  to  the  openings  in  the  stationary  ar- 
mature, which  register  approximately  with  the  field  openings.  Some 
air  is  also  entrapped  between  the  field  projections  and  thence  driven 
by  centrifugal  force  through  the  armature  ventilating  slots. 


FIG.  4 — VIKW  or  KEVOLVKNu  HELD  SHOWl.NG  VENTI- 
LATED POLES  AND  DAMPERS.  SUCH  DA.MPERS  ARE 
USED     WITH     PARTLY     CLOSED     ARMATURE     SLOTS 

The  field  coils  are  wound  to  slip  over  the  projecting  poles  and 
are  held  in  position  by  wedges  which  are  driven  between  the  pro- 
jecting poles  into  slots  left  for  that  purpose.  This  construction 
is  shown  plainly  in  Figs.  4  and  5.  The  wedges  are  made  of  cop- 
per and  serve  the  double  purpose  of  holding  in  the  field  coils  and 
acting  as  dampers.  As  dampers  they  tend  to  prevent  the  setting 
up  of  hunting  of  alternators  in  parallel,  or  between  alternators, 
synchronous  motors  and  rotary  converters.     To  meet  special   con- 
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ditions  it  may  become  necessary  to  obtain  a  damping  effect  greater 
than  that  which  can  be  obtained  from  the  style  of  damper  shown 
in  Figs.  4  and  5.  In  these  cases  the  grid  damper  shown  in  Fig.  6 
is  used.     This  is  similar  to  the  dampers  used  on  rotary  converters 


FIG.  5 — VIEW  OF  REVOLVING  FIELD,  PARTIALLY  WOUND.      NOTE  METHOD  OF  MOUNTING 

WEDGES  WHICH   HOLD  THE  COILS.      WEDGES  OF  THIS  STYLE  ARE  USED  WITH 

OPEN   ARMATURE   SLOTS   AND   WITH    SINGLE-PHASE  ARMATURES 

and  is  the  most  efficient  form  that  can  be  applied.  It  is  more  ex- 
pensive, however,  than  that  shown  in  Figs.  4  and  5,  and  therefore 
is  not  used  except  where  demanded  by  special  conditions. 

Small  High-Speed  Generators — A  new  form  of  field  core  has 
been  developed  for  alternators  of  small  capacity  designed  to  operate 
at  a  high  speed  and  having,  in  consequence,  a  small  number  of  poles. 
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It  consists  of  a  solid  steel  casting  forming  the  spider  and  poles,  to 
which  are  bolted  laterally  projecting  pole  tips  of  solid  steel  which 
secure  the  coils  and  properly  distribute  the  magnetic  field.  This 
construction  is  used  for  machines  to  which,  on  account  of  the  wide 


FIG.  6 — VIEW  OF  SECTION  OF  FIELD  CORE  SHOWING  POLES  AND  DAMPERS 


FIG.   7 — REVOLVING   FIELD  WITH    BOLTED   POLES 
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distance  between  poles  and  the  size  of  the  coils,  the  laminated  con- 
struction with  coils  secured  by  wedges  is  not  well  suited.  This 
method  of  construction  is  shown  in  Y\g.  7. 

Field  Coils — The  field  coils  are  wound  up  in  moulds.  Wire 
is  used  for  the  smaller  generators  and  in  those  of  larger  capacity 
copper  strap  bent  on  edge  is  usually  employed  as  shown  in  Fig.  8. 
The  strap  wound  coils  are  insulated  between  turns  with  asbestos 
strip  forming  a  fire-proof  coil  which  is  practically  indestructible. 
The  wire  coils  are  wound  dry  and  treated  with  insulating  varnishes. 
In  every  case  the  insulation  provided  is  easily  sufficient  for  the 
low  e.m.f.  to  which  the  field  winding  is  subjected. 

The  coils  are  held 
together  by  cord  or 
rope  and  have  no  metal- 
lic bobbins  or  hangers. 
The  winding  is  there- 
fore in  direct  contact 
with  the  air  and  thus 
has  good  heat  radiation. 
Excitation — Alter- 
nators are  usually  sepa- 

FIG.  8 — STRAP  WOUND  COIL  READY  FOR  INSULATION     j-g^g|y      eXcitcd       bv        I '^ ' 

volt  direct  current.  This  e.m.f.  is  generally  regarded  as  standard, 
is  easily  handled  and  lends  itself  readily  to  the  operation  of  lights 
and  small  auxiliary  machines  in  power  stations.  For  large  alter- 
nators two  hundred  and  fifty  volts  has  frequently  been  employed 
and  field  coils  can  be  wound  for  this  potential  when  required.  The 
lower  e.m.f.  is  generally  to  be  preferred  principally  because  it  per- 
mits the  use  of  strap-wound  field  coils.  For  generators  large  enough 
to  employ  field  coils  of  this  type  at  the  higher  e.m.f.,  250  volt  ex- 
citation is  not  objectionable.  The  limitation  comes  in  the  fact  that 
very  thin  copper  strap  cannot  be  successfully  bent  edgewise. 

Composite  Winding — When  employed  with  revolving  field  gen- 
erators a  composite  winding  is  usually  obtained  by  the  use  of  sep- 
arate transformers  of  the  series  type  connected  in  the  armature 
circuit  with  secondaries  connected  to  a  separate  field  winding 
through  a  rectifying  commutator  mounted  on  the  generator  shaft. 
This  subject  is  also  touched  on  under  the  subject  of  "Regulation." 
The  diagrams,  Figs.  9  and  10,  show  one  method  of  connection  for 
compounding  alternators. 
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FIG.  g--DIAGRAM   OF  CONNECTIONS  FOR  A   COM  I'OSITE-WOU  NU  THREE-PHASE 
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PIG      TO— DIAGRAM     OF    CONNECTIONS    FOR    A    COM  POSITE-WOUNU 
THREE-PHASE  GENERATOR 


{To  be  continued.) 


DISCOVERY   AND  INVENTION* 

EDWARD  GOODRICH  ACHESON 

President,  The  Acheson  Company,  Niagara  Falls,  N.  Y. 

THE  invitation  to  appear  before  you  was  presumably  given  on 
the  assumption  that  I  would  speak  upon  some  subject  inter- 
esting to  you  as  engineers  and  having  relation  to  my  own 
work,  one  to  which  I  might,  perchance,  add  points  of  value  or  inter- 
est over  and  above  that  obtainable  from  the  public  storehouse  of 
knowledge.  After  giving  the  subject  considerable  thought,  I  de- 
termined on  confining  my  remarks  to  Discovery  and  Invention,  as 
closely  related  to  my  life  work',  preluding  the  references  to  personal 
work  with  a  brief  glance  at  a  few  noted  examples  of  Discovery 
without  Invention ;  Invention  without  Discovery ;  and  Discovery 
with  Invention. 

Discovery — The  act  of  finding  out  or  of  bringing  to  knowledge 
what  was  unknown;  first  knowledge  of  anything — is  usually  with- 
out meditation,  it  is  accidental ;  true,  the  finder  may  be  engaged  in 
a  search  for  conditions  of  things  of  the  general  nature  of  the  discov- 
ered, but  it  would  not  be  a  discovery  did  he  know  or  have  reason  to 
believe  it  existed  under  the  conditions  or  in  the  place  he  found  it. 
He  may  be  likened  to  the  traveler  who  casually  picks  up  a  rough, 
uncut  gem.  The  inventor  is  the  lapidary  who  finds  a  use,  a  place 
for  the  gem.  It  is  he  who  with  labor,  care  and  expenditure  of  grey 
matter  polishes  and  beautifies  the  rough  stone.  His  work  is  to 
create,  not  simply  to  find. 

In  183 1  Michael  Faraday  while  trying  to  find  a  constantly  flow- 
ing current  in  a  wire  lying  beside  and  parallel  to  another  wire 
through  which  a  current  of  electricity 'was  flowing,  noticed  when  the 
wires  were  coiled  upon  an  iron  ring  that  a  momentary  kick  or  swing 
of  the  needle  of  the  galvanometer  to  which  the  dead  wire  was  at- 
tached occurred  upon  opening  or  closing  the  circuit  through  the  live 
wire.  He  followed  up  these  observations  with  experiments  extend- 
ing over  a  period  of  ten  days,  and  on  the  29th  day  of  November. 
183 1,  while  at  Brighton  resting  from  his  labors,  wrote  his  friend 
Mr.  R.  Phillips  as  follows:  "We  are  here  to  refresh.  I  have  been 
working  and  writing  a  paper  that  always  knocks  me  up  in  health, 
but  now  I  feel  well  again,  and  able  to  pursue  my  subject;  and  now 
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1  will  tell  you  what  it  is  about.  The  title  will  be^  I  think,  'Experi- 
mental Researches  in  Electricity.'  I.  On  the  Induction  of  Electric 
Currents.  II.  On  the  Evolution  of  Electricity  from  Magnetism. 
III.  On  a  new  Electric  Condition  of  Matter.  IV.  On  Arago's 
Magnetic  Phenomena.  There  is  a  bill  of  fare  for  you,  and  what  is 
more,  I  hope  it  will  not  disappoint  you.  Now  the  pith  of  all  this 
i  must  give  you  very  briefly,  the  demonstrations  you  will  have  in  the 
paper  when  printed." 

Such  was  the  simple,  homely  language  used  by  this  truly  great 
man  in  referring  to  one  of  the  most  momentous  discoveries  of  the 
ages.  Faraday  made  this  discovery  at  the  very  close  of  the  fortieth 
year  of  his  life;  he  died  in  1867,  or  thirty-six  years  after  that  event- 
ful period,  crowned  with  great  honors  for  his  scientific  investiga- 
tions, and  yet  without  having  witnessed  the  remarkable  applications 
to  the  world's  industries,  wealth,  and,  shall  I  say,  happiness,  of  the 
great  fact  of  electric  induction  which  he  had  discovered.  For  some- 
thing like  forty  years  it  awaited  the  inspiring  touch  of  invention. 
To-day  \ve  have  with  us  the  telephone,  the  electric  light,  the  electric 
railway,  and  many  more  necessities  and  conveniences  that  were  only 
made  possible  by  this  discovery  of  Michael  Faraday.  This  I  take  to 
be  an  apt  illustration  of  Discovery  without  Invention,  that  is  to  say 
by  the  discoverer. 

Another  illustration  of  Discovery  without  Invention  is,  I  believe, 
to  be  found  in  the  history  of  the  telephone.  Without  wishing  to  de- 
tract in  any  way  from  the  honors  of  Prof.  Alexander  Graham  Bell, 
to  whom  the  world  to-day  is  greatly  indebted,  I  believe  this  very 
valuable  invention,  if  it  now  existed  as  or  consisted  of  the  parts  as 
produced  and  left  by  him,  would  be  practicably  a  toy,  truly  a  very 
interesting  one.  but  incapable  of  the  marvelous  use  to  which  it  is 
now  put.  His  keen  observation  recognized  that  a  disc  of  iron  caused 
to  approach  and  recede  from  a  magnet  in  consonance  with  the  air 
waves  of  spoken  words,  would  produce  currents  of  electricity  in  a 
wire  surrounding  the  magnet,  varying  in  intensity  with  the  air  waves 
moving  the  disc,  and  he  further  discovered  that  these  electric  cur- 
rents, when  made  to  pass  around  a  second  and  similar  magnet  hav- 
ing a  like  disc  of  iron  in  close  proximity  to  its  end,  caused  the  disc 
to  move  and  buckle  in  response  to  the  currents  and  thereby  produce 
air  waves  like  the  original  ones  and  consequently  articulate  speech. 
It  required  the  inventive  genius  of  Edison,  Dolbear,  Blake,  and  oth- 
ers to  put  this  discovery  into  the  commercial  forms  of  to-day. 

An  illustration  of  Invention  without  Discovery  is  shown  bv  the. 
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great  invention  of  Sir  Ilcnry  Bessemer  in  1856.  This  consisted,  as 
you  know,  in  blowing  air  through  melted  cast  iron,  thereby  burning 
out  the  carbon  and  converting  the  metal  into  a  malleable  product. 
For  this  he  was  made  a  Fellow  of  the  Royal  Society  and  received 
knighthood  in  1879. 

Some  years  ago  it  was  customary  and  necessar/  to  employ  ex- 
pert telegraphers  to  pick  up  a  message  from  one  wire  and  transmit 
it  to  another  one  where  long  distances  were  covered.  In  one  of 
the  repeating  offices  situated  in  the  Middle  States  was  a  young  expert 
operator  by  the  name  of  Thomas  Edison.  One  day,  or  night,  one  of 
his  superiors  at  the  office  entered  the  room  and  found  young  Edison 
sound  asleep,  while  a  small  inanimate  instrument  was  industriously 
performing  his  work,  (the  great  Edison  repeater)  performing  it 
even  better  than  Edison  personally  could  have  done.  Shortly  after 
this  unheard  of  neglect  of  duty  Edison  was  looking  for  another  job. 
This  was  certainly  a  beautiful  example  of  applied  known  principles. 
Much  to  the  advantage  of  the  world,  Edison's  inventive  genius  wa.5 
not  daunted  by  this  rebufif.  By  his  quadruplex  system,  he  practi- 
cally quadrupled  the  capacity  and  value  of  the  telegraph  wires  of  the 
world. 

The  development  of  the  telephone  above  referred  to,  likewise 
the  electric  light  and  many  other  instances  that  will  occur  to  you, 
are  cases  of  Invention  without  Discovery. 

Discovery  with  Invention  is  strikingly  illustrated  by  the  work 
of  Charles  Goodyear.  The  life  of  this  remarkable  man  is  most  in- 
teresting, and  feeling  sure  that  it  will  meet  with  your  approval,  I 
venture  to  quote  from  the  National  Cyclopaedia  of  American  Biog- 
raphy much  of  the  following  history. 

Charles  Goodyear  was  born  December  29th,  1800.  His  father 
was  in  the  hardware  business  at  New  Haven,  Conn.  When  still  a 
young  boy  he  one  day  picked  up  a  scale  of  India  rubber  that  had 
peeled  from  a  bottle.  He  at  once  conceived  the  notion  that  it  would 
be  very  valuable  if  it  could  be  made  uniformly  thin  and  rendered 
free  from  cracking,  sticking,  and  melting  with  variations  of  tem- 
perature. When  he  reached  his  majority  he  entered  into  partnership 
with  his  father.  In  1826  he  went  to  Philadelphia  to  represent  his 
firm.  Four  years  later  they  failed  in  business,  and  during  the  suc- 
ceeding ten  years  he  was  repeatedly  imprisoned  for  debt.  In  1831 
he  became  again  interested  in  his  rubber  project.  Strenuous  effort 
had  been  made  by  others  to  cure  rubber  and  make  it  serviceable  as 
a  fabric,  and  to  that  object  he  now  devoted  his  life.     He  met  with 
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no  real  encouragement  of  success  for  the  first  four  years  of  his 
investigations,  which  were  not  seldom  carried  on  in  prison.  He 
became  at  last  the  butt  of  those  who  could  not  share  his  faith.  He 
remained  calm,  patient,  assured  of  ultimate  and  lasting  success,  he 
and  his  family  literally  living  from  hand  to  mouth,  sometimes  selling 
his  children's  books  and  pieces  of  household  furniture  to  meet  the 
calls  of  hunger.  In  the  early  months  of  1839  relief  came  in  his  dis- 
covery of  a  process  by  which  high  degrees  of  heat  applied  to  rubber, 
which  had  been  coated  with  sulphur,  brought  about  the  vulcaniza- 
tion of  the  raw  material,  so  that  it  kept  elastic  in  all  temperatures. 
Before  his  death,  which  occurred  July  ist,  i860,  he  saw  vulcanized 
rubber  applied  to  nearly  five  hundred  different  uses,  and  sixty  thou- 
sand people  engaged  in  making  the  articles  into  which  it  was  fash- 
ioned. It  has  been  said,  "No  inventor,  probably,  has  ever  been  so 
harassed,  so  trampled  upon,  so  plundered  by  pirates  as  he — their 
spoliations  upon  him  having  unquestionably  amounted  to  millions 
of  dollars." 

Before  touching  upon  my  own  latter  work,  I  wish  to  reminisce 
a  little,  and  trust  what  I  may  say  will  be  found  sufficiently  interest- 
ing to  justify  detaining  you  and  illustrate  the  possibilities  before  a 
young  man. 

Leaving  an  academy  in  1872  in  my  seventeenth  year,  I  became 
a  time-keeper  at  a  blast  furnace;  I  later  joined  a  civil  engineer  corps 
on  railroad  construction ;  then  I  was  ticket  clerk  on  a  railroad  ;  again 
T  was  at  civil  engineering  on  a  railroad  ;  then  I  measured  and  com- 
puted the  capacities  of  oil  tanks  in  the  oil  country ;  then  I  was  for 
a  time  book-keeper ;  then  I  mined  iron  ore  for  a  living,  and  on  the 
first  day  of  September,  1880,  T  left  Western  Pennsylvania  for  my 
first  trip  to  New  York  City  with  the  avowed  intention  of  obtaining 
electrical  work.  The  twelfth  day  of  the  month  saw  me  located  with 
Mr.  Edison  at  Menlo  Park  as  assistant  draftsman.  Within  a  few 
weeks  I  had  formed  the  personal  acquaintance  of  Mr.  Edison  and 
was  moved  from  the  drafting  room  to  the  original  Experimental 
Department.  In  the  following  winter  Mr.  Edison,  who  was  stren- 
uously endeavoring  to  find  the  best  material  for  the  filamenl  of  his 
lamp,  directed  me  to  experiment  upon  the  production  of  a  filament 
of  graphite.  He  encouraged  me  by  promising  me  a  prize  of  $100.00 
when  I  succeeded  in  making  a  flat  loop  of  graphite  measuring  one 
inch  outside  diameter,  the  filament  to  be  twenty-five  thousandths 
wide  and  two-^thousandths  of  an  inch  thick,  the  same  being  capable 
of  mounting  in  a  glass  globe. 
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With  proper  facilities  for  purifying  the  graphite,  hydrauhc 
press  for  pressing  sheets  and  dies  for  cutting  out  the  loop,  I  made, 
I  think,  about  16000  of  these  filaments,  having  succeeded  in  making 
them  one-half  what  was  requested  by  Edison,  or  one-thousandth  of 
an  inch  thick. 

You  will  certainly  think  that  I  was  a  '"rolling  stone,"  and  I  can 
assure  you  that  there  was  no  "moss"  on  me,  of  the  kind  that  passes 
current  on  Wall  street.  On  'the  20th  of  the  following  July  I  sailed 
out  of  New  York  harbor  as  first  assistant  engineer  for  the  Edison 
interests  at  the  Electrical  Exposition  in  Paris.  I  had  the  pleasure, 
sometimes,  and  the  undoubted  honor,  always,  of  installing  the  first 
commercial  incandescent  lighting  plants  in  Holland,  Belgium  and 
Italy. 

You  will  note  that  in  this  brief  history  no  mention  is  made  of 
higher  education.  I  was  frequently  thrown  with  college  bred  men, 
prominent  among  whom  I  would  mention  particularly.  Dr.  Edward 
L.  Nichols,  now  Professor  of  Physics  at  Cornell  University,  whom  I 
found  with  Mr.  Edison  at  Menlo  Park  when  I  went  there  in  1880.  A 
strong  and  lasting  friendship  sprang  up  between  us,  and  I  greedily 
absorbed  what  I  could  of  the  knowledge  he  freely  parted  with. 

In  the  latter  part  of  the  year  1880  I  had  brought  to  my  atten- 
tion the  value  of  an  abrasive  material  by  a  remark  incidentally  made 
by  Mr.  George  F.  Kunz,  of  Tiffany  &  Company,  New  York.  While 
making  some  experiments  in  1886,  I  passed  a  quantity  of  hydro- 
carbon gas  over  highly  heated  clay,  and  observed  that  the  clay  be- 
came impregnated  with  carbon,  and  I  thought  it  was  increased  in 
hardness  by  the  presence  of  the  carbon.  In  the  early  part  of  the 
year  1891,  having  at  my  command  an  electric  generating  plant  of 
considerable  capacity,  and  looking  about  for  a  line  of  experiments 
I  thought  to  try  the  impregnating  of  clay  with  carbon  under  the 
influence  of  the  high  heat  obtainable  with  the  electric  current. 

I  mixed  together  a  quantity  of  clay  and  powdered  coke,  placed 
the  mixture  in  an  iron  bowl  such  as  plumbers  use  for  holding  theif 
melted  solder.  Into  this  mixture  I  inserted  one  end  of  an  electric 
lamp  carbon,  the  other  end  being  connected  to  one  lead  from  a  dy- 
namo, the  other  lead  being  attached  to  the  iron  bowl.  A  good 
strong  current  was  sent  through  the  mixture  until  the  central  portion 
of  the  clay  was  thoroughly  melted.  When  cold  the  mass  was  re- 
moved and  examined  carefully.  Adhering  to  the  end  of  the  car- 
bon rod  I  noticed  a  very  few  small  bright  specks.  With  difficulty  I 
secured  one  and  placing  it  on  the  end  of  a  lead  pencil,  drew  it  across 
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a  pane  of  glass.  It  not  only  scratched  but  cut  the  glass.  I  had 
found  the  rough,  uncut  gem. 

Appreciating  the  possible  value  of  my  discovery,  and  notwith- 
standing the  exceedingly  minute  quantity  of  crystals  produced,  I 
undertook  further  experiments,  and  if  I  am  not  mistaken,  two 
months  or  more  had  passed  before  I  had  enough  crystals  to  fill  a 
small  vial  measuring  about  three-eighths  of  an  inch  by  one  inch 
Naturally  I  early  undertook  to  prove  its  value  as  an  abrasive.  I 
mounted  an  iron  disc  in  a  lathe,  charged  its  surface  with  oil  and  my 
new,  then  unnamed  product,  and  with  this  revolving  disc  cut  the 
polished  face  off  this  diamond  on  my  finger.  (You  may  appre- 
ciate why  I  wear  it  and  hold  it  at  a  value  much  above  its  commer- 
cial worth.) 

Having  filled  my  little  vial,  I  placed  it  in  my  vest  pocket  and 
went  to  New  York  where  I  had  a  diamond  cutter  use  some  of  my 
new  material  for  the  re-polishing  of  my  diamond.  I  had  named 
it  while  on  the  way  to  New  York.  I  called  it  carborundum  under 
the  belief  that  it  contained  carbon  and  corundum.  The  diamond 
cutter  bought  what  was  left  of  the  material  at  the  price  of  30  cents 
per  karat,  and  with  the  proceeds  I  purchased  a  microscope  to  assist 
me  in  the  further  study  of  the  material. 

Soon  after  this  I  learned  that  it  was  the  silica  in  the  clay  and 
not  the  alumina  that  was  associating  itself  with  the  carbon,  and 
before  long  I  had  quit  the  use  of  the  clay,  having  substituted  sand. 

I  had  devised  an  electric  furnace  in  which  a  resistant  material 
formed  a  central  core  around  which  was  placed  the  material  to  be 
heated,  and  this  probably  was  the  first  furnace  wherein  thermal 
and  chemical  effects  were  produced  within  the  mass  of  material 
operated  upon,  the  outer  portions  of  the  mass  acting  as  retaining 
walls.  It  is  thus  that  we  can  'work  at  higher  temperatures  than 
would  be  possible  were  we  required  to  depend  upon  the  furnace 
walls  proper. 

The  history  of  the  development  of  carborundum  is  overflowing 
with  trial,  tribulations,  and  glorious  triumphs.  In  1894  The  Car- 
borundum Company,  a  company  I  had  formed  to  develop  the 
business,  was  located  at  Monongahela  City  in  Western  Pennsyl- 
vania, and  it  was  operating  a  steam  generating  plant  of  134  horse 
power.  The  cost  of  production  was  so  high  that  the  trade  was 
restricted  to  lapidaries,  valve  grinding,  and  kindred  lines  that  could 
afford  to  buy  it,  and  but  one-half  its  production  was  sold.  The 
new  electrical  development  at  Niagara  Falls  was  at  this  time  ap- 
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preaching  completion.  1  went  to  Niagara  J'alls,  luuked  over  the 
situa  ion,  possibilities  and  prices.  On  my  return  1  convened  a 
meet  ng  of  my  board  of  directors  and  laid  before  them  a  scheme 
of  n.3ving  to  Niagara  Falls  and  there  building  and  equipping  a 
plant  for  i  ooo  horse  power. 

To  build  a  plant  for  i  ooo  horse  power,  in  view  of  the  fact  that 
we  were  only  selling  one-half  of  the  output  from  a  134  horse  power 
one,  was  a  trifle  too  much  for  my  conservative  directors,  and  they 
one  and  all  resigned,  arose,  and  left  the  room.  Fortunately  I  was 
in  control  of  the  destinies  of  The  Carborundum  Comjjany.  I  or- 
ganized a  new  board,  proceeded  with  my  plans,  and  in  the  year  1904, 
the  thirteenth  one  from  the  date  of  the  discovery.  The  Carborundum 
Company  had  a  plant  equipped  with  5  000  electrical  horse  power, 
and  produced  over  7  000  000  pounds  of  those  specks  I  had  picked 
off  the  end  of  the  electric  lamp  carbon  in  the  spring  of  1891. 

It  has  been  held  as  an  opinion  by  some  that  my  work  on  car- 
borundum was  simply  an  extension  and  development  of  the  work 
of  P.  Schutzenberger.  and  in  this  connection  I  wish  to  say  that 
some  time  after  I  had  made  my  original  experiments  on  carbor- 
undum and  knew  the  substance  to  be  the  compound  SiC,  I  learned 
that  Schutzenberger  had  produced  such  a  compound.  On  inves- 
tigation I  found  he  had  communicated  to  the  Academy  of  Sciences 
of  France  on  Monday,  May  i6th,  1892,  the  results  of  his  work  un- 
der the  title  "Contribution  to  the  History  of  Carbo-Silicon  Com- 
pounds". This  communication  was  made  some  three  months  later 
than  the  date  on  which  Mr.  Nikola  Tesla  exhibited  a  lamp  con- 
taining carborundum  (which  I  had  made  and  furnished  him)  be- 
fore various  scientific  societies  of  Europe.  Furthermore,  Schutz- 
enberger describes  his  experiments  as  having  been  made  with  a 
mixture  of  silicon  and  silica  plaged  in  a  bone-black  crucible,  the 
latter  covered  with  a  lid  of  like  material  and  embedded  in  lamp- 
black contained  in  a  larger  crucible ;  this  again  being  embedded  in 
a  third  crucible.  The  nest  was  placed  in  a  furnace  brought  up  to 
a  high  heat  and  retained  there  for  some  hours.  Upon  cooling  and 
opening,  the  contained  silicon  was  found  to  have  been  changed  to 
a  green  substance,  and  to  have  gained  in  weight  an  amount  equal 
to  one-half  of  its  original  weight,  the  silica  remaining  unchanged. 
An  analysis  showed  the  green  material  to  be  carbide  of  silicon  with 
the  formula  SiC.  You  will  notice  the  silica  remained  unchanged, 
consequently  his  work  had  no  relation  to  mine  nor  mine  to  his.  I 
started  with  silica,  reduced  it  and  formed  the  carbide.     He  does 
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not  mention  the  formation  of  crystals,  and  I  am  persuaded  that 
he  did  not  make  any  carborundum. 

Some  years  ago  I  discovered  that  when  carborundum  was 
heated  to  a  very  high  temperature,  decomposition  occurred,  the  con- 
tained silicon  was  dissipated  in  vapor  and  a  beautiful  graphite  left 
as  a  pseudomorph,  or  as  I  was  pleased  to  call  it,  a  skeleton  of  the 
original  carborundum  crystal.  This  discovery  started  me  on  a 
new  line  of  thought,  and  as  a  result  of  a  long  series  of  experiments, 
the  present  methods  of  the  International  Acheson  Graphite  Com- 
pany, a  corporation  I  formed  to  carry  on  the  business,  were  per- 
fected. 

The  development  of  the  business  has  been  phenomenal.  The 
products  of  this  company  in  the  form  of  rods,  bars  and  plates  are 
extensively  used  by  the  electrochemical  and  electrometallurgical  in- 
dustries, almost  to  the  entire  exclusion  of  amorphous  carbon,  which 
they  formerly  used,  not  only  in  America  but  throughout  Europe. 
In  the  pulverized  form,  it  is  used  extensively  as  a  filler  in  dry  bat- 
teries. It  is  rapidly  growing  in  favor  for  stove  polish,  lubrication, 
foundry  facings,  and  as  a  paint  pigment.  It  is  particularly  well 
adapted  for  paint,  being  a  very  pure  form  of  carbon,  free  from 
oxides  and  readily  reduced  to  a  very  fine  powder. 

It  is  possible  to  produce  practically  chemically  pure  carbon 
by  our  methods,  but  the  cost  increases  as  this  condition  is  ap- 
proached, and  for  commercial  purposes  the  purity  of  99.5  per  cent. 
is  adopted  for  electrodes  for  use  in  electrochemical  and  electro- 
metallurgical  work,  while  for  the  paint  and  kindred  uses  97  per 
cent  is  the  standard.  When  it  is  remembered  that  a  good  quality 
of  natural  graphite  containes  but  85  per  cent,  carbon,  while  most 
of  that  sold  in  the  market  runs  as  low  as  45  per  cent.,  it  will  be  ap~ 
predated  that  our  product  is  unique.  For  electrical  work  it  is 
almost  ideal.  A  rod  or  bar  of  this  graphite  is  graphite  throughout. 
It  is  not  made  up  of  small  graphite  particles  held  together  by  a  bind- 
ing agent ;  it  can  be  cut,  planed,  tapped  and  threaded  like  a  metal ;  its 
electrical  conductivity  is  about  four  times  that  of  a  similar  sized  rod 
of  amorphous  carbon.  Its  rate  of  disintegration  in  electrochemical 
work  is  very  slow.  In  some  lines  of  work  it  lasts  twelve  times  as 
long  as  amorphous  carbon. 

I  early  hoped  to  introduce  my  newly  made  graphite  into  the 
crucible  trade,  which  I  knew  to  be  a  large  user  of  the  natural  pro- 
duct. It  was  found  to  be  too  porous,  offering  too  large  a  surface 
for  oxidation,  and  my  experiments  on  this  line  were  not  productive 
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of  success.  Mr.  Edison  used  to  tell  me  every  experiment  had  its 
value.  It  either  accomplished  the  result  sought  for  or  it  taught  you 
what  lines  to  avoid.  My  failure  to  make  a  successful  crucible  of 
graphite  put  me,  so  to  speak,  on  my  mettle,  and  from  then  on  I  v^as 
on  a  constant  watch  for  a  suitable  material,  and  I  now  hope  and  be- 
lieve I  have  found  one  capable  of  making  a  better  crucible  than 
either  graphite  or  clay. 

The  International  Acheson  Graphite  Company  now  has  a 
plant  equipped  with  3  000  electrical  horse  power,  and  during  1905 
produced  2385123  pounds  of  graphite  electrodes,  and  1870411 
pounds  of  what  is  termed  bulk  graphite,  made  principally  from 
anthracite  coal. 

Before  leaving  the  subject  of  graphite,  I  desire  to  recognize 
the  extensive  work  of  Prof.  Henri  Moissan.  While  in  America 
some  years  ago  he  called  on  me  at  Niagara  Falls,  and  I  had  the 
pleasure  of  conducting  him  through  the  plant  of  The  Carborundum 
Company.  I  was  at  that  time  already  engaged  on  my  graphite 
work,  and  I  remember  with  what  apparent  surprise  he  viewed  the 
large  amount  of  graphite  I  had  produced  artificially,  his  own  work, 
as  you  know,  having  been  of  a  laboratory  or  experimental  nature. 

Prof.  C.  F.  Burgess,  in  a  paper  read  at  the  eighth  general 
meeting  of  the  American  Electrochemical  Society,  September  20th, 
1905,  stated  that  the  study  of  the  operation  of  the  carborundum 
furnace  led  to  the  discovery  of  a  compound  of  oxygen,  silicon  and 
carbon,  and  that  this  compound,  previously  unknown,  was  named 
siloxicon.  The  professor  was  apparently  not  in  possession  of  the 
facts  of  the  case,  which  are  as  follows : 

During  the  latter  part  of  the  summer  of  1899,  I  became  inter- 
ested in  the  direct  reduction  of  silicon  and  one  of  my  early  ex- 
periments was  to  intimately  mix,  in  fact,  rub  together  fine,  soft,  pure 
graphite  and  silica,  so  proportioned  as  to  provide  the  necessary  car- 
bon for  the  reduction.  The  quantity,  distribution,  and  conductivity 
of  the  graphite  was  sufficient  to  carry  the  necessary  current.  After 
the  current  had  been  passed  for  some  time,  the  furnace  cooled  and 
opened,  a  small  quantity  of  metallic  silicon  was  found  disseminated 
in  and  held  as  distinct  particles  throughout  a  loose  bulky  mass  of  a 
greenish  grey  substance.  The  loose  fluffy  character  of  this  mate- 
rial, together  with  the  knowledge  that  it  had  been  formed  or  at  least 
existed  in  the  path  and  at  the  temperature  of  the  reduction  of  silicon 
caused  me  to  immediately  recognize  the  fact  that  it  was  what  might 
be  termed  a  highly  refractory  body. 
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I  looked  upon  the  possible  value  of  this  newly  discovered  mate- 
rial as  perhaps  greater  than  the  metallic  silicon  I  had  produced,  and 
it  was  it  that  thereafter  received  my  attention.  Patents  were,  how- 
ever, applied  for  on  a  direct  reduction  of  silicon,  and  the  right  to 
manufacture  under  them  was  sold  to  The  Carborundum  Company 
under  date  of  July  5th,  1901,  and  since  then  they  have  been  working 
on  this  problem  under  the  direction  of  their  works  manager,  Mr.  F. 
J.  Tone. 

This  discovery  was  followed  by  much  analytical  and  experi- 
mental work.  The  substance  was  found  to  be  composed  of  silicon, 
carbon  and  oxygen  of  varying  proportions,  a  typical  formula  being 
SigCgO.  It  was  found  to  be  amorphous,  inert  to  both  acid  and 
basic  slags,  insoluble  in  melted  iron,  self-bonding  when  pressed 
tightly  together  and  heated  to  about  2500  degrees  F.  and  absolutely 
infusible,  its  inevitable  destruction  occurring  as  decomposition  at  a 
very  high  but  as  yet  undetermined  temperature,  the  silicon,  oxygen, 
and  a  part  of  the  carbon  passing  away  as  vapor  or  gas,  while  a  part 
of  the  carbon  remains  as  graphite  occupying  the  space  of  the  de- 
stroyed body,  which  I  have  named  siloxicon  from  the  words  silicon 
and  oxygen. 

The  Siloxicon  Company,  which  I  incorporated  in  1903,  is  now 
engaged  in  developing  the  prospective  business  in  its  line,  confining 
itself,  however,  to  the  manufacture  of  the  crude  siloxicon. 

As  an  agent  for  the  experimental  work,  development  and  ex- 
ploitation of  the  detailed  manufacture  of  siloxicon  in  finished  articles 
such  as  crucibles,  muffies,  bricks,  etc.,  I  incorporated  the  .Vcheson 
Siloxicon  Articles  Company,  and  it  is  now  actively  at  work  upon 
the  problems  falling  to  its  lot. 

Probably  never  before  was  the  world  so  prepared  to  accept  and 
utilize  a  discovery,  never  before  so  ready  to  listen  to,  help  and  pro- 
tect the  inventor. 

Undoubtedly  many  of  you  will  be  called  upon  to  do  experimen- 
tal work,  to  investigate  the  unknown.  If  nature  has  not  equipped 
you  for  the  work  of  a  Goodyear,  uniting  in  you  the  faculties  of  a 
discoverer  and  inventor,  be  a  Faraday,  a  discoverer,  or  a  Bessemer, 
an  inventor,  but  let  me  warn  you,  impress  upon  you  with 
all  the  force  possible,  to  avoid  the  ways  of  the  pessimist. 
You  will  scarcely  succeed  if  you  fall  in  with  his  methods 
of  thought.  If,  without  previous  information,  you  were  told 
that  it  was  proposed  to  cut  into  a  metal  plate  48000  dis- 
tinct,   ])erfect.    parallel    lines    per    lineal    inch,    and    that    witli    this 
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plate  it  was  proposed  to  break  up  a  beam  of  white  light  into  the 
most  perfect  and  beautiful  of  spectrums,  what  would  you  say? 
How  many  of  you  would  predict  failure  ;  declare  it  absolutely  im- 
possible of  attainment?  And  still  these  things  were  done  by  our 
late  countryman,  Prof.  Henry  A.  Rowland.  Some  time  ago  I  vis- 
ited the  Johns  Hopkins  University,  and  while  there  was  conducted 
down  into  a  subterranean  vault  where,  free  from  rapid  or  great 
changes  of  temperature,  was  the  marvelous  ruling  machine  invented 
by  Prof.  Rowland  for  making  his  gratings.  Set  in  the  brick  wall 
of  the  vault  was  a  bronze  tablet  bearing  the  name  and  dates  of  birth 
and  death  of  Henry  Augustus  Rowland.  I  was  told  that  back  of 
this  tablet  had  been  placed  the  ashes  of  this  remarkable  man.  Here 
in  close  proximity  to  his  master-piece,  was  the  final  resting-place  of 
the  earthly  tenement  of  this  master  mind. 

It  is  interesting  and  instructive  to  study,  and  analyze  the  men- 
tal make-up  of  the  discoverer,  the  inventor,  and  one  uniting  the 
qualities  of  both. 

Faraday  was  an  optimist,  was  remarkable  for  a  vivid  imagina- 
tion. He  had  the  knack  of  seeing  minute  quantities,  small  things 
that  would  escape  the  observation  of  the  ordinary  man. 

Edison,  as  his  works  illustrate,  clearly  appreciates  the  possible 
value  of  the  new,  of  a  new  arrangement  of  parts,  a  new  application 
of  old  or  new  principles.  He  is  overflowing  with  faith  in  his  being 
able  to  accomplish  desired  ends.  He  sets  up  an  objective  point  and 
with  indomitable  energy  and  perseverance  strives  to  reach  it. 

Goodyear  combined  the  dominant  qualities  of  Faraday  and  Edi- 
son. As  a  young  boy  his  imagination  pictured  the  sticky  rubber 
converted  into  a  serviceable  form.  He  later  dedicated  himself  to  a 
fixed  purpose.  Having  mixed  up  a  little  rubber  and  sulphur  with 
the  hope  of  improving  the  former,  and  not  obtaining  the  desired 
end,  he  cast  the  failure  into  the  hot  ashes  under  the  fire  in  his  room. 
Later,  by  accident,  this  rejected  evidence  of  another  failure  came 
into  his  hands,  and  was,  to  his  surprise  and  undoubted  delight, 
found  to  have  the  qualities  he  had  for  four  long  years  been  vainly 
hunting  for.  Thus  he  discovered  that  a  mixture  of  rubber  and 
sulphur,  subjected  to  the  heat  of  the  hot  ashes,  cured  or  vulcanized 
the  rubber  and  made  it  elastic  at  all  temperatures.  He  evidently 
appreciated  the  commercial  worth  of  the  discovery,  and  witnessed 
the  marvelous  development  and  applications  during  his  life. 

In  my  own  work  I  have  been  so  fortunate  as  to  have  repeatedly 
turned  failure  into  success.     In  the  debris  of  the  melted  clav  and 
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carbon  mixtures,  which  proved  a  failure  for  the  purpose  I  had  in 
view,  my  attention  was  riveted  on  the  unexpected  bright  specks. 
The  present  size  of  the  carborundum  industry  indicates  my  appre- 
ciation of  the  possible  value  of  this  discovery.  Again  it  was  not 
the  small  quantity  of  metallic  silicon  I  made  in  my  experiment  in 
1899  that  interested  me  most.  True,  it  furnished  evidence  of  my 
theories  of  the  possible  reduction  having  l^een  correct,  but  I  real- 
ized that  the  loose,  bulky  material  I  discovered  occupying  the  major 
part  of  the  furnace  might  prove  vastly  more  valuable. 

Reviewing  this  sketch,  I  would  sum  up  the  dominant  qualities 
determining  the  success  of  the  discoverer  and  inventor  to  be :  i. 
Optimism.  2.  Imagination.  3.  Observation  of  small  things.  4. 
Appreciation  of  the  possible  value  of  the  new.  5.  Knowledge  of 
the  existing  art.  6.  Self-reliance.  7.  Having  the  determination 
to  attain  an  end.  8.  Indomitable  perseverance,  and  I  might  add  a 
9th,  (valuable  particularly  to  the  inventor)  Proper  assistance.  My 
own  work  has  been  so  varied  and  extensive,  it  would  have  been  diffi- 
cult to  accomplish  had  I  not  received  earnest,  loyal,  and  valuable 
support,  aiv!  from  no  one  did  I  receive  this  more  fully  than  from 
Mr.  F.  A.  J.  Fitzgerald. 

In  conclusion,  I  would  say  I  hope  and  believe  you  all  have 
ample  time,  with  due  energy,  to  accomplish  great  things.  Hanging 
on  the  wall  of  my  office  is  an  engraving  from  the  photographs  of 
the  so-called  "Captains  of  Industry.""  the  gentlemen  who,  by  invita- 
tion, met  H.  R.  H.  Prince  Henry  of  Prussia  at  breakfast  in  New- 
York,  February  26th.  1902.  I  have  been  able  to  consult  short  bi- 
ographia  of  seventy-six  of  these  "Captains"'  and  I  find  l)ut  seventeen 
of  them  are  under  fifty  years  of  age,  only  three  being  under  forty 
years  of  age,  and  that  their  average  ages  were  57.5  years.  You 
may  be  further  interested  to  know  that  no  less  than  thirty-seven  of 
these  seventy-six  gentlemen  had  not  had  the  advantages  of  a  college 
education;  they  arc  what  arc  popularlv  called  self-made  men. 


THE  INFLUENCE  OF  LOAD   FACTOR   AND   PRIME 

MOVER  CHARACTERISTICS  ON  POWER 

STATION  ECONOMY 

J.  U.  FJIBBINS 

POWER  Station  economy,  although  usually  regarded  as  a  more 
or  less  invariable  quantity  under  certain  operating  condi- 
tions, is  subject  to  a  host  of  influences  tending  to  the  pro- 
duction of  abnormal  results ;  in  fact  two  power  stations  similarly 
equipped  and  in  the  same  service  might  very  readily  show  wide 
differences  in  final  operating  results  due  to  causes  apparently 
significant,  but  actually  operating  to  disturb  the  normal  working 
of  the  equipment.  And  in  endeavoring  to  draw  just  comparisons 
between  the  operating  economy  of  various  power  equipments  in 
various  classes  of  service,  even  a  superficial  study  will  disclose  the 
fact  that  unless  definite  and  similar  conditions  surround  the  respect- 
ive figures,  a  comparison  would  be  apt  to  be  misleading.  That  all 
such  data  should  be  referred  to  a  definite  standard  will  be  apparent 
from  the  following  discussion  based  upon  views  recently  set  forth 
in  the  transactions  of  the  American  Institute  of  Electrical  En- 
gineers, February,  1906.  Only  the  two  most  important  influences 
may  be  taken  up  here,  viz.,  engine  characteristics  and  load  factor. 

HEAT    ENGINE    CHARACTERISTICS 

As  the  saturation  and  regulation  curves  of  a  dynamo  are  char- 
acteristic of  its  operation,  so  do  certain  curves  as  definitely  char- 
acterize the  working  of  a  prime  mover.  Speaking  particularly  of 
heat  engines,  there  are  three  curves  which  materially  assist  in  de- 
termining the  suitability  of  a  machine  for  a  particular  service ; 
these  curves  represent : — 

1.  The  hourly  heat  (steam  or  gas)  consumption  at  various 
loads  with  its  derived  curve  of  the  "water-rate"  variety  familiar  to 
,steam-engine  practice. 

2.  Kinetic  (absolute  thermodynamic)  efficiency,  with  its  de- 
rived curve  of  mechanical  efficiency. 

3.  Speed  regulation,  involving,  in  the  case  of  the  reciprocat- 
ing-engine, cyclical  as  wel  as  absolute  speed-variation. 
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The  first  determines  the  rate  of  input  of  working  medium  steam, 
gas,  air,  etc. ;  the  second,  the  efficiency  of  conversion  into  useful 
work  in  the  shaft ;  and  the  third,  the  suitability  of  the  machine  for 
operating  constant-potential  electrical  apparatus.  In  this  discus- 
sion we  are  chiefly  concerned  with  the  first,  and  from  a  purely  prac- 
tical standpoint. 

S team-Engines — In  high-speed  steam-engines  such  as  the  Wil- 
lans,  governing  by  throttling  steam-pressure,  the  total  steam  con- 
sumption per  hour  is  practically  proportional  to  the  load.  Plotted  in 
the  form  of  a  curve,  known  as  the  "Willans"  *  or  water  line,  it 
gives  practically  a  straight  diagonal  line  A  B,  Fig.  i. 


The  so-called  water-rate  curve  derived  from  this.  A'  B',  and  ex- 
pressing steam  used  per  horse  power  per  hour  is  then,  of  course, 
an  hyperbola  and  shows  a  constantly  decreasing  water-rate  with  in- 
creasing load.  Clearly,  then,  this  type  of  engine  is  able  to  give 
its  best  economy  at  maximum  output.  In  modern  power  work, 
however,  this  condition  is  demanded  only  occasionally  to  tide  over 
maxima  in  a  fluctuating  load ;  on  the  other  hand,  from  an  economical 
standpoint,  the  engine  is  obliged  to  work  at  considerable  disadvant- 
age during  normal  loading. 

Now  in  a  steam-engine  governed  by  a  positive  cut-off,  the 
water-line  is  decidedly  curved,  C  D,  due  to  a  variety  of  causes, 
giving  a  water-rate  curve  C  D'  of  more  pronounced  curvature. 
Two  important  results  have,  however,  been  achieved ;  first,  the 
engine  gives  its  best  economy  between  three-fourths  and  full  load 
where  it  is  normally  working  a  greater  part  of  the  time;  and  sec- 


*"Willans  Law"  first  expounded  by    P.    W.    Willans.      See    Transac- 
tions British  Institution  Civil  Engineers,  1890. 
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ondly,  by  lengthening-  the  cut-off  a  very  large  overload  cajjacity  is 
available.  On  the  other  hand,  the  cut-off  method  compares  less 
favorably  at  light  loads  and  heavy  overloads,  the  water-rate  in- 
creasing rapidly  in  either  direction. 

Steam  Turbines — Manifestly  a  combination  of  the  two  systems 
should  yield  the  characteristics  most  to  be  desired  ;  these  charac- 
teristics are : — 

(a),  maximum  economy  at  normal  loading; 

(&),  large  overload  capacity  with  fair  economy; 

(c),  good  economy  at  light  loading.  These  have  fortunately 
been  realized  to  a  large  extent  in  the  steam-turbine. 

A  steam-turbine  of  the  well-known  pressure  type  gives  a  prac- 
tically straight  water-line,  E,  F,  Fig.  i,  up  to  about  full-load  with  a 
somewhat  higher  inherent  efficiency  than  the  steam-engine,  in  most 
cases  exceeding  the  cut-off  engine  even  at,  the  best  load.  By  the 
use  of  a  "secondary"  admission  of  steam  to  lower  stages  in  the  tur- 


FIG.   2 

bine,  its  power  may  be  increased  to  as  high  as  double  the  normal 
rating  and  with  but  small  loss  in  economy.  Supposing  the  second- 
ary or  overload  valve  comes  into  action  about  full  load,  F ,  the  water- 
line  changes  direction,  F  G,  resulting  in  a  compound  water-rate 
curve,  E'  F'  C.  At  the  point  of  opening.  F' ,  the  steam  consumption 
begins  to  increase,  but  as  the  overload  increases  the  turbine  tends 
to  regain  its  original  efficiency.  Furthermore,  the  prime  mover  and 
generator  are  better  matched  in  regard  to  efficiency  than  in  the  cut- 
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off  engine,  both  doing  their  best  work  at  normal  rating. 

These  characteristics  are  well  illustrated  in  the  accompanying 
curves,  Fig.  2,  showing  tests  upon  a  i  000  hp  Parsons'  type  turbine. 
From  one-half  load  to  100  per  cent  overload  the  water-rate  varies 
but  little  over  ten  per  cent.  The  same  characteristics  appear  in  the 
non-condensing  tests,  except  that  the  turbine  was  unable  to  sustain 
as  heavy  a  load,  being  guaranteed  only  for  full  load  non-condensing 
and  50  per  cent  overload  condensing. 

Lozv-Pressure  Turbine — If  we  represent  in  curve  form,  Fig.  3, 
the  work  available  in  steam  expanding  from  150  lb.  initial  pressure 
to  atmosphere,  the  fact  is  apparent  that  there  has  been  used  only 
about  one-half  of  the  total  work  available  at  a  vacuum  of  28  in. 
This  at  once  explains  the  possibility  of  the  low-pressure  steam-tur- 
bine working  on  vacuum  alone,  and  it  is  interesting  to  note  that 

the  water-rate  of  such  a 
turbine  is  about  double 
that  of  a  similarly  con- 
structed turbine  work- 
ing through  the  entire 
range  of  pressure.  Thus 
a  750-kw  Westinghouse- 
Parsons  turbine  below 
atmosphere  has  given 
a  water-rate  of  25  lb. 
per  brake  horse  power 
with  high  vacuum,  cor- 
responding to  about  13.5 
lb.  brake  horse  power- 
hour  for  the  total  pres- 
sure range.  Moreover 
■jf-y  the  total  water-line  is 
practically  straight  as  in 
the  normal  ,  t  u  r  hi  n  e 
showing  that  steam  is 
used  with  uniform  efficiency  at  all  loads.  Professor  Rateau  of 
Paris  has  done  much  along  these  lines  of  low-pressure  turbine 
work.  The  low-pressure  turbine  is  of  interest  in  providing  a 
means  of  nearly  doubling  the  output  of  a  non-condensing  steam 
plant  with  but  little  increase  in  operating  expense.  Cooling-tDWcr.s 
are,  of  course,  of  assistance  where  water  is  costly. 


WORK  AV/JLABLE   PER  FOUi^D  OF  ' 
(CXP.-.NDING  ADIABATIC-..Lr 
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High-pressure  turbines,  working  down  to  atmospheric  pres- 
sures, are,  on  the  other  hand,  frequently  used  in  district  heating 
systems,  half  of  the  energy  in  the  steam  being  converted  into  elec- 
trical energy,  and  the  remainder  into  heat.  Usually,  a  condens- 
ing turbine  is  employed  running  non-condensing  during  cold,  and 
condensing  during  warm  weather. 

Internal-Combustion  Engine — Curiously  enough,  the  gas-engine 
presents  the  same  characteristics  as  the  throttling  steam-engine ; 
namely,  a  nearly  straight  Willans  or  gas-line,  A  B,  Fig.  i,  and  a 
continually  decreasing  rate  curve  of  gas  consumption,  A'  B' .  It  pos- 
sesses, however,  nearly  double  the  efficiency  of  heat  conversion  or 
kinetic  efficiency  *  of  the  steam-engine.  An  engine  of  good  design 
is  capable  of  delivering  from  25  per  cent  to  30  per  cent  of  the 
heat  of  the  gas  in  the  form  of  work  at  the  shaft,  while  the  corre- 
sponding kinetic  efficiency  of  a  large  steam-unit  usually  runs  from 
12  per  cent  to  15  per  cent  and  of  a  steam-turbine  15  per  cent  to 
22  per  cent  of  the  heat  input.  As  a  machine,  its  mechanical  ef- 
ficiency is  nearly  the  same  as  a  high-grade  reciprocating  steam-en- 
gine. 

Could  we  rate  the  gas-engine  at  its  maximum  capacity  we 
should,  of  course,  obtain  maximum  efficiency  at  normal  rating,  and 
in  European  practice  this  is  frequently  done ;  but  in  American  prac- 
tice some  overload  capacity  is  demanded,  hence  we  must  deliber- 
ately rate  the  engine  below  its  maximum  by  the  per  cent  of  overload 
desired.  This  is  an  unfortunate  characteristic  of  the  gas-engine  ; 
that  its  maximum  power  is  reached  when  the  cylinder  is  full  of 
mixture,  and  it  seriously  militates  against  gas  power  in  the  minds 
of  those  who  follow  a  more  or  less  universal  custom  and  install  a 
smaller  steam-engine  with  the  deliberate  intention  of  overloading  it. 

LOAD   FACTOR 

The  above  discussion  leads  up  to  the  recognition  of  load  factor 
as  an  important  element  in  any  expression  of  the  operating  econ- 
omy of  a  power  station.  The  term  load  factor  is  often  used  indis- 
criminately and  in  widely  varying  sense.  True  load  factor  expresses 
the  ratio  between  the  average  and  the  maximum  load. 

Load   faCtOr=IOO Kw-hrs.  generated  d 

Maximum  kw  X  nrs.  run    ' 


j,T^.       .•         c-r    •  •       1    r        1  Thermal  equivalent  of  useful  outpvit 

*Kmetic  efticiency  is  defined  as:-     Total  heat  input  iu  gas 
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B.  t.  u.  per  brake  h.p.— hr. 
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This  quantity  shows  how  nearly  the  station  load  approaches, 
that  which  would  be  most  ideal  for  engine  operation,  viz.,  full  load. 
Quite  frequently  the  ratio  of  average  load  to  generating  capacity  in 
service  is  termed  load  factor  or  even  the  ratio  of  average  to  total 
rated  capacity  of  station.  For  distinction  the  former  may  be  termed 
loading  factor  and  the  later  station  loading  factor.  The  expres- 
sion,— 

Loading  factors  — Averageioad — ^ 

^  Rated  capacity  in  ser\ace 

evidently  approximates  true  load  factor  in  cases  where  no  great 
amount  of  reserved  capacity  is  available,  and  where  the  entire  capa- 
city of  the  plant  is  necessary  to  carry  peak  loads.  It  is  also  of  import- 
ance in  properly  proportioning  or  "blocking  in"  engine  capa- 
city   to    suit    a    particular      load    curve.       For    example,    Fig.    4 


FIG.  4 

represents  an  actual  24  hour  station  load  curve  from  a 
large  city  railway  system.  Given  this  load,  the  proper  engine 
capacity  may  easily  be  "blocked  in"  as  shown  by  the  engine  curve 
so  that  the  best  ultimate  operating  economy  may  be  realized.  By 
integrating  with  a  planimeter  both  the  station  load  curve  and  the 
corresponding  engine  curve,  the  average  24  hour  load  on  the  en- 
gine equipment  may  be  readily  found  and  the  consequent  water  and 
coal  consiuuption  of  the  station  may  be  checked. 
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j\\\  example  of  the  effect  of  load  factor  on  the  economy  of  a 
power  station  is  afforded  by  Fig.  5,  showing  the  cost  oi  power  in  a 
7  500  kw  light  and  power  plant  using  steam  turbines.  Starting  with 
a  rather  low  load  fac- 
tor, the  operating  cost 
was  reduced  from  0.5c 
to  0.235c  per  kw-hr., 
or  42.5  per  cent  with  an 
increase  of  only  13  per 
cent  load  factor.  Fig. 
6  similarly  shows  the 
averrge  results  from  a 
750  hp  producer  gas 
power  plant,  subject  to 
a  variable  industrial 
load  during  the  various 
seasons.  The  curve  is 
pract-cally  an  hyperbo- 
la, a'-  it  should  be,  and, 
within  the  working 
range  of  the  plant,  it 
shows  an  increase  of 
from  1.9  to  3  lbs.  of 
coal  per  kw-hr.,  or  27.5 
per  cent  with  a  decrease  of  60  per  cent  in  load  factor.  At 
normal  working  the  plant  used  less  than  2  lbs.  of  coal  per  kw- 
hr. 

When  speaking  of  total  costs  of  power,  fixed  or  capital  costs 
uiust  be  taken  into  consideration  as  well  as  operating  costs,  and  as 
a  matter  of  fact  the  effect  of  load  factor  is  about  as  pronounced 
in  on;  case  as  in  the  other.  With  a  high  load  factor,  50  to  70  per 
cent,  such  as  occurs  in  a  large  railway  plant,  a  small  change  has 
compiratively  small  effect  owing  to  the  flatness  of  the  curve,  but  in 
a  lighting  plant  where  the  load  factor  ranges  from  15  to  25  per 
cent,  the  values  change  with  great  rapidity. 

An  excellent  method  of  obtaining  a  clear  idea  of  the  eft'ect  of 
load  factor  is  by  means  of  a  diagram  like  Fig.  7,  similar  to  that 
proposed  by  Dr.  Mertz.  In  this  diagram  the  capital  costs  are  plot- 
ted above  and  the  operating  costs  below  the  horizontal  axis,  the  to- 
tal oidinate  giving  the  total  cost  of  power.    The  combined  eft'ect  of 
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the  two  curves  is  very  striking,  emphasizing  the  necessity  of  in- 
creasing the  average  all  day  load  upon  a  power  station  by  every 
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FIG.   6 

legitimate  means ;  also  the  necessity  of  restraining  as  much  as  pos- 
sible the  capital  cost  of  a  power  station  necessarily  operating  on  a 
low  load  factor. 

In  compiling  these 
operating  cost  data  noth- 
ing facilitates  the  work 
more  than  accurate  and 
complete  station  record^, 
in  fact  it  is  almost  impos- 
sible to  make  intelligent 
deductions  without  tliem. 
American  power  plant 
managers  are  particularlv 
])ronc  to  la\il\"  in  the  mat- 
tt'r  of  keei~)ing  records,  es- 
])L'cially  in  the  smaller 
I'huUs,  which  contlition  is 
directly  rcsjionsible  for 
lliL'  small  amount  of  accu- 
rate data  a\ailable  on 
])ii\\L'r  i)laiU  opi^'vation.  \ 
little  eliort  spent  in  keep- 
ing accurate  records  will 
'''^'  ''  invariably    I)ring    large    re- 

turns in  locating  the  causes  of  abnormal  results  and  indicating  a 
solution  to  many  other  complex  problems  of  power  plant  operations. 


LOAD-FACTOR  COSTS 

,o,L.,« 

l^BBINE  W>NT 

FOR  30?  LOAD-FACTOR 

■    OPERATING  COSTS 

COAL  la  $1.60 

0.30     CENT   PER    KW  -HR 

OIL,  WASTE   ETC. 

0.04 

WAGES 

0.088 

REPAIRS 

0.072 
0.60 

FIXED  COSTS 

0.376 

TOTAL  COSTS 

0.876 

LOCOMOTIVES  VS.  MOTOR  CARS* 

CLEMENT  F.  STREET 

Commercial  Engineer,  Westinghouse  Electric  &  Manufacturing  Company 

IN  connection  with  the  question  of  substituting  electricity  for 
steam  in  the  operation  of  suburban  service  one  of  the  problems 
which  must  be  solved  is  whether  electric  locomotives  or  motor 
cars  shall  be  used.  Local  conditions  must  necessarily  have  an  im- 
portant bearing  on  the  problem,  but  as  a  general  proposition  the 
following  will  apply  : — 

I — With  an  approximate  fixed  weight  for  the  majority  of  trains, 
locomotives  have  advantages. 

2 — With  a  variation  in  the  weight  of  trains,  motor  cars  have 
advantages,  and  these  advantages  increase  about  in  proportion  with 
this  variation. 

Some  of  the  advantages  of  electric  locomotives  in  this  class 
of  service  are  as  follows : 

(a)  A  smaller  number  of  parts  to  be  inspected.  In  th^  elec- 
tric locomotive  the  motors  are  of  larger  capacity  than  on  motor  cars 
and  are,  therefore,  less  in  number.  Obviously,  a  small  number  of 
motors  and  control  equipments  can  be  more  readily  cared  for  than 
a  large  number  and,  therefore,  the  amount  of  time  required  for  in- 
specting the  electric  apparatus  on  a  train  equipped  wnth  electric 
locomotives  will  necessarily  be  less  than  that  required  for  inspect- 
ing one  equipped  with  motor  cars. 

(b)  The  parts  to  be  inspected  are  easier  to  get  at.  In  elec- 
tric locomotives  the  unit  switch  group,  air  pumps  and  all  auxiliary 
apparatus  are  located  in  the  cab  of  the  locomotive  where  they  are 
accessible  and  can  readily  be  inspected  without  the  use  of  a  pit. 
This  accessibility  also  facilitates  the  making  of  repairs. 

(c)  The  cars  used  in  the  service  can  be  changed  at  any  time. 
If  it  is  desirable  to  add  cars  to  the  equipment  in  this  service  which 
have  been  used  with  steam  locomotives,  this  can  be  done  without 
regard  to  whether  they  are  fitted  with  electric  wiring. 

If  there  must  be  a  variation  in  the  number  of  cars  in  the  trains, 
the   locomotive   is   at   a   decided    disadvantage.     Just   wherein   this 


*From   a  paper  read  before  the  New  England  Railroad  Club,  May, 
1906. 
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lies  is  clearly  shown  in  Figs,   i,  2,  3  and  4.     These  diagrams  are 

based  on  operating  trains  consisting  of  from  3  to  13  cars  inclusive, 

in  which  the  locomo- 
tivestives  weigh  85 
tons ;  motor  cars  52 
tons,  and  trailers  37 
tons.  The  operating 
of  trains  of  from  3  to  6 
cars  inclusive  is  contem- 
plated with  one  locomo- 
tive ;  and  trains  of  from 
7  to  13  cars  inclusive 
with  two  locomotives. 

From  Fig.  i  it  will 
be  seen  that  the  weight 
of  all  trains  with  motor 
cars  is  less  than  that  of 
trains  with  locomotives, 
which    means   that   with 

locomotives  unnecessary  dead  weight  must  be  hauled.     The  great- 
est variation  in  this  weight  in  in  trains  of  seven  cars,  where,  with 

motor   cars,    the    weight 

is  about  320  tons ;  while 

with    locomotives    it    is 

about  440  tons.     It  will 

be  noted  that  with  trains 

of  six  cars  there  is  very 

little    difference    in     the 

weight  of  the  equipment ; 

and    if    trains     of    this 

weight    could    be    main- 
tained, the  advantage  of 

motor     cars    in    relation 

to   dead    weight    would 

not  be  of  consequence. 
Fig.    2     shows    the 

fort  of    trains  operated 

fort     oftrains     operated 

under  the  same  conditions.     In  this  diagram  it  is  assumed  that  the 

motor  cars  weigh  52  tons,  that  the  motors  arc  both  mounted  on  one 
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truck  and  that  one-half  of  each  motor  car  is  available  for  tractive 
effort.  In  making  this  diagram  25  per  cent  of  this  weight  and  25 
per  cent  of  the  weight  of  tlie  locomotives  are  assumed  as  being  the 
tractive  effort.  From  this  diagram  it  will  be  noted  that  the  tractive 
effort  with  motor  cars  increases  almost  in  proportion  to  the  number 
of  cars  in  the  trains,  while  with  the  locomotive  equipment  there  is 
a  wide  variation. 

Fig.  3  shows  the  comparative  horse  power  of  the  two  classes 
of  equipment  in  relation  to  the  weight  of  trains  in  tons.  This  dia- 
gram is  based  on  the  assumption  that  each  locomotive  is  equipped 
with  4  250-hp  motors,  and  each  motor  car  with  2    200-hp  motors. 
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From  this  it  will  be  seen  that  the  horse  power  with  motor  cars  in- 
creases almost  in  proportion  to  the  weight  of  the  train,  while  with 
the  locomotive  equipment  there  is  a  wide  variation.  The  locomo- 
tive is  at  the  greatest  disadvantage  in  handling  trains  of  6.  12  and 
13  cars.  With  trains  of  8  and  9  cars  the  horse  power  is  the  same 
with  both  systems,  but  the  motor  cars  have  an  advantage  of  nearly 
100  tons  in  dead  weight. 

The  equipment  as  assumed  in  this  diagram  is  a  normal  one  and 
one  which  is  being  employed  in  actual  service,  excepting  that  the 
weight  of  the  motor  cars  in  relation  to  that  of  the  trailers  is  greater 
than  required.  This  extreme  weight  is  assumed  in  order  to  give 
the  locomotive  every  possible  opportunity  for  making  a  good  show- 
ing. 
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It  mi^^ht  be  argued  that  the  power  of  the  motor  car  equipment 
has  been  assumed  as  being  too  great  in  comparison  with  that  of  the 
locomotive,  and,  therefore,  Fig.  4  is  presented  as  showing  a  com- 
parison which  is  possibly  more  fair.  In  this  the  equipment  of  each 
motor  car  is  taken  at  2  150-hp  motors.  From  this  diagram  it  will 
be  seen  that  there  is  very  little  difference  between  the  two  sys- 
tems, from  the  power 
standpoint,  with  trains 
of  4,  5,  12  and  13  cars, 
but  with  any  other  size 
of  train  the  motor  car 
is  the  best. 

These  diagrams  all 
indicate  that  unless  it  is 
possible  to  operate  a 
service  with  trains  hav- 
ing an  approximate  fix- 
ed number  of  cars  and 
weight,  the  motor  car 
equipment  has  an  ad- 
vantage from  every  standpoint;  while  if  it  is  possible  to  operate 
service  with  trains  having  an  approximate  fixed  number  of  cars 
and  weight,  a  locomotive  can  be  designed  which  will  meet  the  con- 
ditions almost,  if  not  fully,  as  well  as  a  motor  car  equipment,  and 
have  the  advantage  of  being  more  easily  inspected  and  cared  for. 

In  this  connection,  however,  the  motor  equipment  has  an  ad- 
vantage in  the  fact  that  in  the  case  of  a  failure  which  necessitates 
it  being  taken  out  of  service,  the  equipment  is  crippled  to  the  ex- 
tent of  only  one  car ;  while  a  failure  of  a  locomotive  means  the 
putting  out  of  service  of  the  entire  train.  The  motor  car  also  has 
the  advantage  in  that  in  case  of  a  failure  of  a  motor  or  any  part 
of  a  truck,  this  truck  can  be  removed  and  a  new  one  substituted 
in  less  time  than  with  a  locomotive.  If  rapid  acceleration  or  va- 
riation in  the  rate  of  acceleration  of  different  trains  is  desired,  the 
motor  car  has  great  advantages.  A  train  consisting  of  ten  motor 
cars  of  the  characteristics  given  in  Fig.  2  would  have  4  000  horse 
power,  which  would  give  a  rate  of  acceleration  far  beyond  any  re- 
qiirements  at  present  known.  A  wide  variation  in  the  accelerating 
power  of  different  trains  having  the  same  number  of  cars  can  be 
obtained  by  varying  the  proportion  of  motor  cars  to  trailers. 
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The  foregoing  relai'cs  L-ntirely  to  the  operation  of  suburban  traf- 
fic. If  the  entire  traffic  over  a  portion  of  a  given  line  must  be 
operated  by  electric  equipment,  the  problem  is  very  different,  and 
it  practically  compels  the  use  of  electric  locomotives  for  the  opera- 
tion of  at  least  a  portion  of  the  trains  as  it  is  not  practical  to  eriuij) 
sleepers,  dining  cars  and  chair  cars  with  motors  which  will  be  used 
on  only  a  portion  of  a  run.  With  this  class  of  traffic  the  electric 
locomotive  has  the  great  advantage  in  that  any  locomotive  can  be 
attached  to  any  train,  and  if  possible,  the  suburban  traffic  should 
be  handled  by  locomotives,  as  the  larger  the  locomotive  equipment, 
the  greater  will  be  the  flexibility  of  the  service.  It  is  also  an  ad- 
vantage to  have  all  the  equipment  as  near  alike  as  possible,  and 
under  some  conditions  the  introduction  of  motor  cars  for  the  hand- 
ling of  a  suburban  service  mixed  with  locomotives  handling  through 
trains  would  be  a  disadvantage.  With  heavy  suburban  traffic  such 
as  exists  about  New  York  or  Boston,  the  greater  proportion  can 
be  handled  in  trains  of  practically  fixed  weight  and  number  of  cars, 
and  as  has  been  demonstrated,  where  it  is  possible  to  hold  to  these 
conditions,  a  motor  car  equipment  has  very  few  advantages  over 
electric  locomotives. 

COMPARATIVE    COST    OF    MAINTAINING    STEAM    LOCOMOTIVES    AND 
ELECTRIC   EQUIPMENT 

One  of  the  problems  which  must  receive  due  consideration 
in  connection  with  a  change  from  steam  locomotives  to  electric 
equipment  is  that  of  the  cost  of  maintenance,  and  this  problem  has 
been  the  subject  of  more  or  less  discussion  in  clubs  of  this  nature. 
At  a  recent  meeting  of  the  New  York  Railroad  Club  a  comparison 
was  made  between  the  equipment  at  terminals  necessary  for  hand- 
ling electric  and  steam  locomotive  equipment,  ifi  which  the 
impression  was  given  that  the  former  required  a  greater  amount 
than  the  latter.  An  investigation  of  the  subject  will  hardly  bear 
this  out  as  one  of  the  heaviest  items  of  expense  incident  to  the 
maintenance  of  steam  railroads  during  the  past  few  yeears  has  been 
the  extension  to  and  construction  of  repair  shops,  and  some  of  our 
large  steam  railroads  now  have  several  million  dollars  invested 
in  shops  for  making  repairs  to  locomotives  alone.  An  investigation 
of  the  electric  lines  will  show  that  no  such  investment  is  necessary 
for  the  maintenance  of  this  equipment.  For  instance,  at  the  terminal 
of  the  underground  system  of  the  Interboro  railway  in  New  York 
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we  find  a  repair  shop  of  very  small  dimensions,  containing  a  very 
few  machine  tools,  all  of  light  capacity,  and  giving  employment 
to  probably  forty  or  fifty  men.  In  this  little  shop  all  of  the  re- 
pairs are  made  to  an  equipment  of  430  motor  cars  each  equipped 
with  two  200-hp  motors,  or  a  total  equipment  representing  172000 
hp  in  860  motors.  This  would  be  equivalent  to  215  steam  locomo- 
tives of  800  hp  each.  It  wil  be  found  that  a  steam  railroad  having 
in  the  neighborhood  of  200  locomotives  to  keep  in  repair  has  shops 
covering  many  times  the  area  of  those  of  the  Interboro  and  con- 
taining equipment  of  tools  and  machinery  much  more  extensive  and 
giving  employment  to  five  or  six  times  as  many  men ;  and  in  addi- 
tion, several  round-houses  any  one  of  which  represents  a  greater 
investment  than  the  entire  Interboro  shops.  This,  however,  does  not 
begin  to  represent  the  total  difiference  between  the  cost  of  maintain- 
ing steam  locomotives  and  electric  equipment. 

The  average  terminal  charge  for  cinder  pits,  turntables,  inspec- 
tion, etc.,  is  about  $1.50  per  locomotive  which  enters  the  terminal, 
while  the  corresponding  cost  per  motor  car  is  only  from  20  to  25 
cents.  Assuming  that  three  motor  cars  are  equivalent  to  one  loco- 
motive, this  gives  a  terminal  charge  of  65  cents  for  motor  car  equip- 
ment against  $1.50  for  steam  locomotives. 

The  average  cost  of  maintaining  steam  locomotives  has  for 
some  years  past,  owing  to  the  great  increase  in  the  weight  of  these 
machines,  increased  to  figures  which  are  somewhat  startling.  On 
one  of  the  largest  railways  of  this  country  the  cost  per  locomotive 
per  year  for  1904  was  $3772.00;  for  1905,  $4165.00.  On  another 
road  the  cost  for  1905  was  $3  473.00  per  locomotive.  On  another, 
$3  565.00.  These,  however,  are  exceptionally  high  figures,  as  on 
some  roads  the  cost  has  been  as  low  as  $1  200.00  to  $1  500.00.  On 
thirteen  of  the  largest  railways  the  average  cost  of  7  228  locomotives 
for  1904  was  $2  212.00.  The  average  cost  per  year  for  maintain- 
ing an  aggregate  of  7684  motor  cars,  making  an  aggregate  of  157- 
059  486  car  miles,  was  only  $107.00  per  motor  car  per  year.  The 
average  for  maintaining  the  steam  plant,  electric  plant  and  cars,  in- 
cluding electric  equipment,  on  these  roads,  was  only  $255.00  per  car 
per  year,  or  about  one-eighth  of  the  cost  of  maintenance  per  loco- 
motive per  year  on  the  thirteen  steam  roads  referred  to. 

It  is  only  reasonable  to  suppose  that  the  cost  of  maintaining 
electric  motors  on  roads  such  as  are  now  being  operated  by  steam 
locomotives  will  be  much  less  than  the  cost  of  maintaining  motor 
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cars  on  street  railways,  as  the  amount  of  dust  and  dirt  to  which 
they  will  be  subjected  will  be  very  much  less. 

A  comparison  of  the  number  of  parts  subjected  to  constant 
wear  on  steam  locomotives  and  the  electric  equipment  shows  that  it 
would  be  only  reasonable  to  suppose  that  the  cost  of  maintenance 
will  be  very  much  less  on  the  latter.  The  parts  of  steam  locomo- 
tives subject  to  constant  wear  during  service  are  as  follows : — 


I 

Cylinders 

ID 

Pistons 

2 

Guides 

TI 

Piston  Rods 

3 

Cross  Heads 

12 

Piston  Rod  Packing 

4 

Crank  Pins 

13 

Valve   Rod   Packing 

T) 

Links   and   Blocks 

14 

Reverse  Lever 

6 

Valves 

15 

Throttle 

7 

Valve  Rods 

i6 

Throttle  Packing 

8 
9 

Rocker  Arms 
Rocker  Shaft 

17 

Truck  Axle  Bearing 

The  parts  of  electric  equipment  subject  to  constant  wear  are 
motor  bearings,  brushes,  commutators  and  trolley.  With  motor 
cars  gears  should  be  added  to  this  list,  and  with  electric  locomotives 
having  forced  ventilation  the  ventilating  fan  and  fan-motor  should 
be  added.  The  wear  of  brushes  is  a  small  item  as  the  tests  made 
with  the  New  Haven  locomotive  show  that  one  set  will  run  12  000 
or  15  000  miles,  which  will  represent  from  two  to  three  months' 
service. 

It  might  be  argued  that  controller  fingers  and  unit  switch  fin- 
gers should  be  added  to  this  list,  but  the  wear  on  these  parts  is  small. 
Controller  fingers  with  multiple  switch  control  are  subjected  to  only 
fourteen  volts  and  seldom  give  out.  The  multiple  unit  switch  fin- 
gers have  been  subjected  to  most  severe  tests  and  several  of  them 
have  broken  the  current  to  which  they  are  subjected  in  service  one 
hundred  thousand  times  without  being  worn  out. 

Portions  of  the  electric  equipment  are  of  course  liable  to  be 
burned  out  owing  to  short-circuit  or  abuse,  but  the  liability  of  such 
failure  is  not  greater,  if  as  great,  as  that  of  burning  a  crown  sheet 
or  flues  in  a  steam  locomotive  boiler  owing  to  low  water,  and  the 
results  are  not  nearly  so  disastrous  as  they  are  never  accompanied 
by  a  loss  of  life  and  seldom  by  the  laying  down  of  the  train.  If 
a  flue  blows  out  or  the  crown  sheet  goes  down  in  a  locomotive,  it 
must  abandon  its  train  and  be  hauled  home  dead,  if  it  has  not  been 
derailed,  while  if  a  motor  is  burned  out,  this  motor  can  be  cut  out 
and  the  car  or  locomotive  can  take  its  train  home  without  difficultv. 
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JOHN  S.  PECK 
Chief  Electricul  Engineer,  British  Westinghouse  Electric  &  Manufacturing  Company 
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R.  FIELD  has  dealt  in  his  paper  with  the  question  of  idle 
currents  in  armature  conductors.  Difficulties  of  the  same 
nature,  however,  have  been  encountered  in  the  design  and 
operation  of  transformers.  In  1892  the  Westinghouse  Company 
designed  a  small  transformer  which  was  intended  to  have  an  ex- 
tremely high  efficiency.  In  order  to  keep  down  the  copper  losses,  the 
low-tension  winding  was  composed  of  large  rectangular  copper 
strap.  When  the  transformer  was  put  on  test,  the  designers  were 
greatly  surprised  to  find  that  the  low-tension  winding  reached  an 
excessively  high  temperature.  After  some  consideration  it  was  de- 
cided that  the  excess  heating  was  due  to  eddy-current  or  idle-cur- 
rent loss  in  the  rectangular  strap,  the  currents  being  set  up  by  the 
leakage  magnetic  field  through  the  windings.  It  was  realized  that 
this  was  a  matter  little  understood,  but  which  would  have  great 
weight  in  the  design  of  large  transformers.  A  series  of  investiga- 
tions were  therefore  carried  out,  using  wires  and  straps  of  various 
dimensions  placed  in  different  ways  in  magnetic  fields  of  different 
densities  and  frequencies.  From  these  tests,  supplemented  by  theo- 
retical considerations,  curves  were  plotted  showing  what  idle-cur- 
rent losses  might  be  expected  in  copper  conductors  under  dift"erent 
conditions.  These  curves  enabled  the  transformer  designer  to 
choose  such  conductors  as  to  avoid  excessive  losses  due  to  local 
currents  set  up  within  the  conductor.  It  was  found,  however,  that 
parallel  conductors — even  though  insulated  throughout  their  entire 
length — were  subject  to  much  the  same  idle-current  losses  as  solid 
conductors  unless  properly  transposed.  Another  difficulty  which 
has  been  frequently  encountered  is  due  to  the  attempt  to  operate 
in  parallel  coils  which  are  not  located  in  symmetrical  magnetic  po- 
sitions, so  that  on  account  of  the  difference  in  the  leakage  magnet- 


*A  discussion  by  Mr.  Peck  of  a  paper  entitled  "Idle  Currents."  by  Mr. 
M.  B.  Field,  Manchester  Local  Section.  Institution  of  Electrical  Engineers, 
from  the  Journal  of  the  Institution,  Vol.  37,  No.  179,  issued  August,  1906. 
The  paper  discusses  power  factor,  wave  shape,  cross-currents,  internal  idle 
currents  and  armature  idle  currents,  treating  the  matter  from  a  descriptive 
and  theoretical  standpoint  and  citing  instances  in  operating  experience  whicli 
»re  pertinent  to  the  subject. 
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ic  field  cutting  the  two  coils,  unequal  voltages  are  induced.  Once 
the  reason  for  this  inequality  is  understood,  no  trouble  should  be 
encountered  in  designing  a  transformer  to  avoid  this  difficulty,  but 
until  it  was  understood  some  very  puzzling  results  were  obtained. 
I  believe  that  no  trouble  occurred  caused  by  the  displacement  in  the 
end  windings  of  generators  and  transformers  until  units  of  very 
large  size  were  installed.  A  certain  amount  of  trouble  was  en- 
countered with  the  Niagara  generators'  winding,  caused  by  dis- 
placement of  the  coils  in  the  event  of  one  machine  being  thrown  in 
parallel  with  other  machines  when  out  of  phase.  Methods  were  de- 
vised for  bracing  this  winding,  and  great  care  is  given  to  this  brac- 
ing in  all  machines  of  large  capacity.  In  the  Chelsea  generators 
referred  to  by  the  author,  the  coils  were  braced  in  a  manner  which 
it  w^as  thought  was  amply  sufficient.  It  was  found,  however,  that 
when  one  machine  was  thrown  in  parallel  out  of  phase  with  other 
machines,  the  forces  were  so  enormous  that  the  supporting  blocks 
were  crushed  and  torn  loose  from  their  supports.  Shortly  after 
the  first  Niagara  machines  were  installed,  a  short-circuit  occurred 
on  the  secondary  circuit  of  a  200  kw  transformer.  An  examina- 
tion of  the  transformer  showed  that  when  the  short  occurred  the 
out  side  end  coils  which  project  beyond  the  iron  core  had  been  bent 
over  at  right  angles  and  flattened  against  the  end  frames  which 
held  the  laminations  together.  These  coils  were  wound  with  large 
rectangular  wire,  several  wires  in  parallel,  so  that  an  enormous 
force  must  have  been  required  to  bend  the  coils  into  the  position 
in  which  they  were  found.  After  this  accident  steps  were  taken  to 
brace  the  coils  of  large  transformers  in  order  to  prevent  their  be- 
ing thrown  out  in  case  of  sudden  short-circuits.  In  very  large 
transformers  having  extremely  close  regulation  it  is  necessary  fo 
take  the  greatest  care  in  bracing  the  coils  in  every  direction,  as  the 
currents  which  flow  through  the  coils  of  such  a  transformer  in  the 
event  of  a  short-circuit  may  be  twenty  to  forty  times  the  normal, 
thus  producing  forces  between  the  coils  four  hundred  to  sixteen 
hundred  times  the  normal  force. 


THE  TREATING  OF  TRANSFORMER  OIL 

S.  M.  KINTNER 

THE  successful  operation  of  the  higher  voltage  transformers 
depends  very  largely  on  the  condition  of  their  insulation. 
As  all  transformers  of  this  class  are  oil  insulated  and  rely 
to  a  considerable  extent  upon  the  oil  for  their  insulation,  it  is  of 
the  utmost  importance  that  the  oil  should  be  in  prime  condition. 
The  condition  of  the  oil  is  of  more  and  more  importance  as  the 
voltages  are  increased. 

It  is  generally  known  that  the  presence  of  water  in  oil  is  detri- 
mental to  its  insulating  qualities,  yet  it  is  hardly  appreciated  how 
slight  an  amount  of  water  or  moisture  is  required  to  very  mate- 
rially reduce  the  dielectric  strength  of  oil.  Mr.  C.  E.  Skinner,  in 
an  article  in  the  May,  1904,  issue  of  the  Journal,  called  attention 
to  the  extreme  sensitiveness  of  oil  and  gave  a  curve  showing  dielec- 
tric strength  for  various  percentages  of  moisture.  It  will  be  noted 
on  reference  to  this  curve  that  0.04  of  one  per  cent  moisture,  or 
four  parts  in  10  000,  is  sufficient  to  reduce  the  dielectric  strength 
of  the  oil  one-half.  The  experience  of  the  writer  indicates  that  oil 
is  even  more  sensitive  to  change  than  stated  by  Mr.  Skinner.  There 
have  been  a  number  of  instances  where  careful  chemical  analysis 
failed  to  show  the  presence  of  moisture,  when  an  electrical  test  indi- 
cated its  presence,  this  last  fact  being  established  by  re-testing  the 
oil  after  the  removal  of  the  moisture. 

It  is  hardly  necessary  to  dwell  at  any  length  upon  the  many 
ways  in  which  oil  can  accumulate  water  and  moisture,  as  these  are 
generally  known.  The  question,  however,  that  frequently  confronts 
the  operating  engineer  is  how  to  remove  the  moisture  from  his 
transformer  oil. 

It  is  a  simple  matter  to  tell  whether  the  oil  has  moisture  pro- 
vided there  is  very  much  water  present,  as  it  will  readily  settle  out 
in  the  bottom  of  a  sample  drawn  from  the  lowest  point  of  the  trans- 
former. Another  test  that  is  more  sensitive,  and  is  in  fact  amply 
sensitive  for  a  large  majority  of  cases,  is  to  thrust  a  red  hot  nail 
or  rod  into  a  sample  of  oil  under  test.  If  the  oil  "crackles"  like 
frying  grease,  water  is  present.     In  the  absence  of  moisture  there 
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will  be  nu  crackling-  sound  vvlien  the  rod  is  thrust  into  the  coil.  In 
the  electrical  test  of  dielectric  strength  average  dry  oil  should  not 
be  weaker  than  30000  volts  as  the  mean  of  ten  tests  for  a  0.15  inch 
gap  between  one-half  inch  spheres.  The  oil  should  not  break  below 
25  000  volts  in  any  of  the  ten  tests. 

There  are  six  ways  of  effecting  the  separation  of  oil  and  water, 
—  (i)  mechanical  separation,  (2)  capillarity,  (3)  electro-static 
force,  (4)  heating,  (5)  vacuum  and  heating,  and  (6)  dehydrating. 

MECHANICAL   SEPARATION 

When  the  oil  contains  considerable  v^^ater  or  moisture,  its 
greater  density  will  cause  a  separation  between  the  two  materials, 
the  water  settling  to  the  bottom.  After  this  separation,  the  excess 
water  can  be  readily  drawn  off.  The  same  separation  can  be  effect- 
ed by  passing  the  material  through  a  centrifugal  machine.  The 
water  in  this  instance  will  settle  to  the  outside  and  can  be  drawn  off. 
As  the  amount  of  drying  that  can  be  effected  in  this  way  is  not 
sufficient  for  the  higher  voltage  work  this  separation  needs  to  be 
followed  by  some  other  more  complete  method  of  drying. 

CAPILLARITY 

During  the  development  of  an  oil-treating  outfit,  the  fact  was 
noted  that  certain  materials  had  the  property  of  allowing  the  water 
to  pass  through  readily  but  still  interfering  with  the  passage  of  oil, 
this  action  being  due,  it  is  believed,  to  the  difference  in  capillary 
attraction  of  the  two  materials.  This  fact  has  been  made  use  of 
in  a  form  of  a  separator  which  allows  the  passage  of  water  and 
still  retains  the  oil,  this  separator  being  in  the  form  of  a  disc  and 
placed  so  that  all  water  and  oil  passing  to  the  treating  outfit  passes 
over  the  disc.  The  disc  allows  the  separation  of  the  excess  water 
and  consequently  relieves  the  treating  outfit  of  a  certain  amount  of 
work.  The  separation  that  is  effected  by  this  method  is,  however, 
of  the  same  order  as  that  mentioned  under  the  heading  of  "Mechan- 
ical Separation,"  and  the  oil  needs  further  treatment  before  it  is 
suflficiently  dry  for  good  electrical  service. 

ELECTRO-STATIC    FORCE 

An  intense  electro-static  field  can  be  so  arranged  that  it  will 
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tend  to  hold  the  water,  and  impurities  of  higher  specific  inductive 
capacity  than  the  oil,  in  its  denser  field.  This  effects  a  certain  sepa- 
ration, permitting-  the  dry  oil  of  lighter  specific  inductive  capacity  to 
pass  to  the  weaker  side  of  the  field.  By  drawing  off  the  oil  from 
these  several  points,  it  is  possible  by  repeating  the  process  several 
times  to  effect  a  drying  of  the  material.  Tests  that  have  been  made 
on  this  method,  while  indicating  the  possibility  of  its  being  used, 
have  not  shown  it  to  be  entirely  satisfactory.  As  a  rule,  it  will 
be  found  quite  difficult  to  operate  such  an  arrangement,  and  it 
is  on  the  whole  not  to  be  recommended. 

HEATING 

Moisture  can  be  removed  from  oil  by  direct  application  of  heat. 
This  can  be  brought  about  in  several  ways,  one  of  the  most  common 
of  which  is  to  immerse  in  the  oil  grid  resistances  which  are  heated 
electrically.  The  oil  as  a  whole  has  its  temperature  raised  slightly 
above  the  boiling  point  of  water  and  it  is  maintained  at  this  tem- 
perature until  all  the  moisture  is  boiled  out.  The  grid  resistances 
should  be  placed  at  the  lowest  possible  point  in  the  oil,  as  otherwise 
all  oil  below  these  resistances  will  remain  cold  and  there  will  be 
an  accumulation  of  water  at  this  point,  with  the  result  that  if  all  of 
the  oil  is  drawn  off  at  the  end  of  the  drying,  this  moisture  will  be 
mixed  in  with  the  oil  that  has  been  dried  above  the  grids.  It  is 
much  better,  if  possible,  lo  so  arrange  the  drying  tank  that  the 
heat  is  applied  below  the  tank.  In  this  manner,  all  of  the  oil  that  is 
being  dried  is  subjected  to  the  heat.  It  is  necessary  to  maintain 
a  temperature  of  105  to  no  degrees  C.  and  this  will  have  to  be 
maintained  until  tests  show  that  the  oil  has  been  entirely  freed  from 
moisture.  As  a  rule,  in  drying  large  quantities  of  oil,  this  will  re- 
quire from  ten  days  to  two  weeks  heating.  The  continued  heating 
of  the  oil  at  this  temi)erature  will  prove  very  detrimental  to  the  oil. 
It  will  tend  to  break  it  up,  separating  the  lighter  hydro-carbons  and 
causing  certain  formations  in  the  oil  due  to  this  separation.  Oil  that 
has  once  been  overheated  in  this  maimer  is  apt  to  continue  to  devel- 
op this  formation  when  put  in  service  and  operated  at  lower  tem- 
peratures. The  oil  will  be  very  greatly  changed  in  color,  being 
very  much  darkened.  On  account  of  the  change  in  the  oil.  this 
method  is  not  looked  upon  with  much  favor,  and  should  be  used 
only  in  such  cases  where  other  apparatus  for  drying  the  oil  is  not 
available. 
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Another  method  of  applying  the  heat  that  is  sometimes  employ- 
ed is  that  of  blowing  hot  air  through  the  oil.  In  doing  this  it  is 
necessary  to  be  sure  that  all  moisture  is  removed  from  the  air  that 
is  being  blown  in,  as  otherwise  the  hot  air  will  carry  in  moisture 
and  condense  it  in  the  oil,  thus  adding  to  the  amount  of  moisture 
in  the  oil  rather  than  taking  it  out.  This  method  is  open,  of  course, 
to  the  same  objection  as  that  raised  to  the  above,  that  of  causing 
decomposition  of  the  oil.  It  is  believed  to  be  somewhat  worse  than 
direct  heating,  as  the  great  amount  of  air  blown  in  will  cause  a  cer- 
tain amount  of  action  which  is  apparently  a  form  of  oxidation,  and 
will  aggravate  the  decomposition  of  the  oil  and  the  settling  out  of 
the  lighter  hydro-carbons. 

VACUUM   AND   HEATING 

It  has  been  found  possible  to  dry  oil  by  the  use  of  a  vacuum 
tank,  heat  being  applied  to  the  oil  at  the  same  time.  The  use  of  a 
vacuum  lowers  the  boiling  point  of  the  water  and  consequently 
makes  it  possible  to  eliminate  the  moisture  without  reaching  a  tem- 
perature that  is  detrimental  to  the  oil.  This  method,  where  avail- 
able, should  prove  satisfactory,  and  it  is  possible  to  secure  an  oil 
that  is  perfectly  dry  by  this  treatment.  As  a  rule,  it  will  require 
considerable  time  to  thoroughly  remove  the  moisture,  and  for  this 
reason  the  method  is  not  as  convenient  as  the  one  described  below. 

DEHYDRATING 

Moisture  can  be  removed  from  oil  very  rapidly  and  very  cheaply 
by  the  employment  of  suitable  agents  for  absorbing  the  moisture. 
The  engineers  of  Westinghouse  Company  have  developed  a  treat- 
ing outfit  which  employs  this  principle,  in  conjunction  with  method 
(2)  described  above.  This  outfit  circulates  the  oil  to  be  dried 
through  a  treating  tank  in  which  is  placed  a  dehydrating  material. 
The  oil  after  passing  through  this  dehydrating  chamber  is  filtered 
and  thus  all  foreign  materials  that  are  in  the  oil,  as  well  as  any  of 
the  dehydrating  material  that  may  have  followed  through  are  re- 
moved. It  has  been  found  possible  with  an  outfit  of  this  kind  to 
dry  a  thousand  gallons  of  oil  in  a  day,  and  to  have  this  oil  as  dry 
as  required  for  the  highest  voltage  service.  Lime  is  the  material 
employed  in  the  dehydrating  tank.  This  material  has  been  selected 
after  testing  a  number  of  dehydrating  agents,  as  it  is  usually  avail- 
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able  and  introduces  no  possibility  of  injuring  any  part  of  the  trans- 
former if  any  of  it  gets  through  the  filter  with  the  oil.  It  has  the 
additional  advantage  of  tending  to  neutralize  any  acids  existing  in 
the  oil.  A  number  of  other  satisfactory  dehydrating  agents  have 
been  used  and  in  some  instances  where  special  precautions  are 
observed  it  may  be  found  more  advantageous  to  employ  some  of 
these  than  the  lime.  Dry  sand  has  generally  been  used  for  the  fil- 
tering material,  although  in  some  instances  it  has  been  found  ad- 
vantageous to  mix  in  certain  proportions  of  bone-black  and  Fuller's 
earth,  these  last  two  having  the  property  of  tending  to  clear  the 
color  of  the  oil.     As  a  rule,  dry  sand  will  be  found  sufBcient. 

It  is  the  writer's  opinion  that  the  last  method  mentioned  will 
be  found  much  superior  in  general  practice  to  any  of  those  mention- 
ed above.  The  outfit  that  has  been  developed  is  sufficiently  portable 
to  permit  of  its  being  readily  shipped  from  one  station  to  another, 
and  it  is  a  compact  unit  in  itself,  being  provided  with  a  motor  and 
pump,  together  with  the  necessary  filtering  and  treating  tanks,  and 
accessories.  This  outfit  when  placed  in  service,  and  intelligently 
operated  has  proven  entirely  satisfactory.  The  oil  should  be  tested 
from  time  to  time  to  see  that  the  dehydrating  materials  have  not 
depreciated  in  strength.  When  the  oil  indicates  this  fact,  it  is  neces- 
sary to  re-charge  the  apparatus.  No  statement  can  be  made  as 
to  how  much  oil  can  be  treated  with  one  charge,  as  this  is  depend- 
ent upon  the  amount  of  moisture  held  in  suspension  in  the  oil,  which 
will  vary  with  different  oils  and  temperatures.  It  is  quite  probable 
that  the  companies  operating  the  extremely  high  voltage  transmis- 
sion systems  will  find  it  necessary  to  treat  the  oil  used  in  the  trans- 
formers, switches,  etc.,  periodically,  so  as  to  insure  its  being  in  the 
best  possible  condition.  For  such  treatment  as  this,  an  outfit  of 
the  kind  just  described  is  very  efTective. 
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M.  C.   kYI'lNSKI 

SMALL  switchboards  fur  stations  having  capacities  of  50  k\v 
and  nndcr  arc  subject  in  their  layout  to  economy  consider- 
ations which  do  not  enter  into  tlie  design  of  larger  switch- 
boards. Instruments  arc  a  considerable  factor  in  the  expense  of 
switchboard  apparatus,  and  the  smaller  the  installation  the  greater 
this  factor  becomes.  .V  considerable  demand  has,  therefore,  arisen 
for  a  switchboard  meter  which  would  compare  favorably  in  ac- 
curacy with  the  ordinary  high  grade  meter  and  which  could  be 
marketed  at  a  lower  price.  As  switchboards  for  small  stations  are  of 
the  simplest  character,  this  demand  has  been  limited  to  alternating 
and  direct-current  ammeters  and  voltmeters.  The  Kelvin  sector- 
pattern  meter  as  manufactured  by  the  Westinghouse  Company,  is  an 
interesting  example  of  what  is  being  done  to  meet  this  requirement. 

The  instruments,  built  after  the  inventions  of  Lord  Kelvin, 
are  widely  known  for  the  high  accuracy  they  develop  and  for  their 
rugged  simplicity.  It  is  interesting  to  note  that  he  never  employs 
the  jewel  and  pivot  mounting,  but  uses  arrangements  such  as  the 
knife-edge  bearing,  the  filament  suspension  or  the  ligament  suspen- 
sion ;  examples  of  which  appear  respectively  in  the  sector  meter, 
his  portable  electrometers,  and  his  permanent  magnet  switchboard 
instruments. 

The  action  of  the  sector  meter  depends  upon  the  pull  exerted 
on  an  iron  core  suspended  within  a  solenoid  acting  in  opposition 
to  the  pull  of  gravity  on  counterbalancing  weights.  The  novelty 
of  the  device  lies  in  the  use  of  a  long  solenoid  giving  an  intense 
and  uniform  field  in  combination  with  a  saturated  core  and  an  in- 
genious control  mechanism.  The  core  is  made  of  a  special  grade  of 
iron  remarkably  low  in  magnetic  retentivity. 

The  advantages  which  this  meter  possesses  over  other  meters 
of  its  class  are : — 

I — A  scale  with  approximately  equal  divisions. 

2 — It  is  unaffected  by  external  fields. 

3 — Freedom  from  frictional  error. 

4 — Capability  of  standing  any  amount  of  rough  usage. 

5 — It  admits  of  adjustment  or  repairs  by  the  ordinary  station 
attendant. 
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6 — The  residual  error  on  <"lirect-curreiit  is  very  small.  It  is 
subject  on  alternating-current  to  a  wave  form  and  frequency  error, 
but  on  calibrating  for  the  frequency  and  wave  form  on  which  it  is 
to  operate,  correct  indications  are  obtained. 

The  uniform  scale  is  obtained  by  having"  the  actuating  and  con- 
trolling forces  vary  according  to 
same  law,  as  is  explained  in  the  fol- 
lowing description.  A  uniform 
scale  is  a  very  desirable  feature  for 
a  meter  to  ])ossess,  as  it  allows  ac- 
curate readings  to  be  made  at  any 
part  of  the  scale  instead  of  limiting 
them,  as  in  the  contracted  scale 
type  to  fifty  or  seventy-five  per 
cent  of  the  scale  capacity.  The  in- 
tense uniform  field  produced  by  the 
solenoid  is  so  much  stronger  than 
any  probable  external  magnetic 
force  that  fredom  from  external  in- 
fiuence  results.  The  use  of  a  knife-edge  bearing  and  the  gen- 
eral simplicity  of  the  device  give  it  its  ruggedness,  ease  of  manip- 
ulation, and  freedom  from  frictional  error.  The  lov^  residual 
error  is  obtained  by  the  use  . .  ^    ^    ^    ^   ^    ^   _ 

of  the  special  grade  iron  pre- 
viously mentioned. 

A  voltmeter  of  150  volts 
capacity  is  shovv-n  in  l"]i^.   i 
and    the   external    resistance 
for   the    meter    is    shown    in 
Fig.    2.     Fig.    3    shows    the 
meter  with  its  cover  and  dial 
removed.  An   enlarged  view 
of   the   movement   mounting 
is   shown   in    Fig  4.     These 
figures  illustrate  the  appear- 
ance of  the  ammeter  as  well  ^^^'  ~ 
as  the  voltmeter,  the  only  difference  being  that  the  fine  wire  coil  of 
the  voltmeter    is    replaced   in    the  ammeter  with  one  of  larger  wire 
and   fewer   turns,    and   the    series  resistance   is  omitted.     The   me- 
ters are  designed  so  that  the  full-scale  torque  is  the  same  for  both 
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the  ammeters  and  the  volt-meters  for  all  capacities,  thus  allowing 
the  same  moving  system  to  be  used  throughout.  This  is  effect- 
ed by  winding  the  coils  in  inverse  proportion  to  their  full-scale 
current  capacity,  i.  e.,  if  the  current  capacity  is  to  be  doubled  the 
number   of  turns  would   be  halved. 

The  alternating  and  direct-current  meters  differ  only  in  their 
calibration  and  the  scale  marking,  the  general  design  being  so  laid 
out  as  to  avoid  eddy  cur- 
rents in  the  coil  mount- 
ing, which  if  present 
would  heat  up  the  meter 
and  tend  to  introduce 
errors  in  the  readings. 
In  order  to  prevent  con- 
fusing vibraitions,  the 
moving  core  is  submerg- 
ed in  oil. 

The  ammeters  are 
self  -  contained  up  to 
2  400  volts.  For  alter- 
nating-current ammeters 
above  500  amperes  ca- 
pacity, or  on  circuits 
exceeding  2  400  volts, 
five  ampere  meters  with 
series  transformers  are 
used.  Series  resistance  boxes  are  always  used  with  the  voltmeters, 
the  voltage  across  the  meter  being  about  one-fourth  of  the  total 
voltage.  If  the  resistance  is  omitted  and  the  total  voltage  applied  to 
the  meter  alone,  the  extra  heat  generated  by  the  increased  current 
will  not  be  dissipated  fast  enough  to  prevent  the  coil  from  burn- 
ing out.  On  circuits  of  750  volts  or  less  series  resistances  are  used 
to  reduce  the  voltage  to  that  required  by  the  meter,  but  above  750 
volts,  alternating  current,  150  volt  meters  with  potential  transform- 
ers are  employed. 

In  Fig.  3  the  fine  wire  coil  of  the  voltmeter  may  be  seen  sup- 
porting a  glass  tube  containing  the  damping  oil.  Within  the  tube 
is  suspended  the  iron  core.  In  Fig.  4,  F  is  a  supporting  bracket  at- 
tached to  the  instrument  base,  into  which  are  fastened  phosphor 
hooks,  K,  K,  filed  to  knife-edges  at  their  bearing-points.    A  steel 
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beam  B,  drilled  and  countersunk  for  bearings,  rests  on  the  hooks  K, 
K,  this  combination  making  a  simple  and  efficient  bearing,  free  from 
friction  and  readily  removable.  A  pulley  sector  5  is  attached  to  B. 
Fastened  to  the  pulley  at  its  upper  end  and  to  a  small  wire  hook 
at  its  lower  end  is  a  silk  thread  T  on  which  the  core  R  is  hung.     A 


FIG.  4 

pointer  P,  zero  adjustment  weights  E  and  scale  adjustment  weights 
D,  all  rigidly  attached  to  B,  complete  the  moving  system. 

Looking  at  the  system  from  a  mechanical  point  of  view,  it 
will  be  seen  to  comprise  a  lever  arrangement  in  which  a  variable 
straight  line  pull  of  constant  radius  is  opposed  to  a  constant  pull 
of  variable  leverage.  The  variable  pull  is  that  due  to  the  action  of 
the  current  on  the  core,  for  which  pull  sector  S  provides  a  constant 
leverage.  The  action  of  gravity  on  the  controlling  weights  provides 
the  constant  opposed  pull,  the  movement  of  the  weights,  through 
a  circular  arc,  away  from  the  vertical  line  of  support,  giving  to  the 
opposite  pull  a  variable  leverage. 

With  no  current  flowing  (pointer  reading  zero),  a  condi- 
tion of  equilibrium  exists,  in  which  the  center  of  gravity  of  all  that 
part  of  the  moving  system  except  the  core  is  displaced  to  the  right 
a  sufficient  amount  to  counterbalance  the  core.  When  current  is 
aj^plicd  the  coil  magnetises  and  attracts  the  core,  thus  exerting  a 
pull  on  the  system  and  causing  the  pointer  to  move  to  a  position 
where  the  displacement  is  sufficient  to  re-establish  equilibrium.  This 
latter  condition  may  be  expressed  by  the  equation. 

pr=:(W-w  r^  sin  a. 
where  p=the    pull    due    to    current,    r=thc  radius    of    sector,    5", 
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{lV-iv)=^i\\Q  weight  of  the  system  less  that  of  the  core,  r'^the  ra- 
dius of  (IV-ii')  assumed  concentrated  at  the  center  of  gravity  and 
«=the  angular  deflection  of  {W-w)  due  to  the  current;  r^  sin  a  be- 
ing the  horizontal  displacement  or  leverage  of  (W-'-tc),  pr  the  valiie 
of  the  actuating  torque  and  (W-zif)  r^  sin  a  the  opposed  controlling 
torque.  This  equation  shows  that  the  controlling  torque  varies  ac- 
cording to  a  sine  function  of  the  angular  deflection  and  that  the  act- 
uating torque  must  also  vary  according  to  a  similar  sine  function 
of  the  current  if  a  uniform  scale  system  is  to  exist.  The  value  of  the 
actuating  torque  depends  upon  the  variable  p  and  this  in  turn  de- 
pends, as  a  rule,  upon  three  variables : — 

I — The  current,  in  its  efi'ect  upon  the  magnetising  force  of 
the  coil. 

2 — The  current,  in  its  effect  upon  the  induction  of   the   iron 
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3 — The  position  of  the  core  with  reference  to  the  coil. 

It  is  an  interesting  fact  that  with  a 
coil  and  core  arranged  as  in  this  meter, 
the  third  variable  follows  a  sine  law. 
This  is  well  illustrated  by  Fig.  5,  in 
which  the  result  of  a  test  has  been  plot- 
ted giving  the  relation  between  />,  the 
pull  due  to  current,  and  the  relative  po- 
sition of  the  core  with  respect  to  the 
coil ;  the  current  being  maintained  con- 
stant throughout  the  test.  By  saturat- 
ing the  core  its  induction  becomes  constant,  thus  eliminating  the 
second  variable,  and  with  it  the  second  power  of  the  current  which 
would  otherwise  give  a  contracted  scale  following  the  law  of 
squares.  The  saturation  of  the  core 
is  illustrated  by  Fig.  6  in  which  the 
relation  between  p  and  the  current  is 
plotted,  the  position  of  the  core  being 
maintained  constant.  The  approxi- 
mation of  the  readings  to  a  straight 
line  law  rather  than  to  a  law  of 
squares  shows  that  the  first  variable 
follows  a  straight  line  law  in  its  effect 
upon  the  pull,  p.  By  combining  the 
effect  of  the  first  and  third  variables, 
the  property  of  varying  as  a  sine  function  is  given  to  the  pull,  p, 
and  a  uniform  scale  results. 
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DYNAMO  AND  MOTOR  PULLEYS 

T.     D.     LYNCH 

A  LARGE  proportion  of  the  dyaamos  and  motors  now  be- 
ing built  are  designed  for  belt  drive  and  it  necessarily 
follows  that  suitable  pulleys  must  be  provided.  The 
making  of  pulleys  is  recognized  as  one  of  the  older  manufactur- 
ing industries  but  as  such  it  covers  pulleys 
for  engines  and  countershaft  work  where 
the  speeds  are  not  excessive  and  where 
close  fits  and  accurate  balancing  are  not  per- 
tinent factors. 

Pulleys  that  are  for  use  on  dynamos 
and  motors  must  have  accurate  bores  and 
be  in  perfect  balance  so  that  the  rims  will 
run  true  and  not  create  vibrations  when 
running  at  high  speeds.  Power  houses  are 
constantly  being  erected  where  similar 
units  are  placed  side  by  side.  These  ma- 
chines are  carefully  designed  to  give  a 
sioNSTosHow  OFFSET  pleasiug  effect  to  the  eye,  so  that  it  becomes 
necessary  to  have  the  pulleys,  also,  conform  to  a  common  design, 
have  a  uniform  thickness  of  section  and  the  same  general  ap- 
pearance. This  demand  has  been  created  in  recent  years  and  it 
has  been  necessary  to  set  a  new  standard  of  precision  suitable 
for  this  service  and  gradually  bring  the  pulley  manufacturers  up 
to    it.     It    was    found    necessary    to    ,  »<  K 

work  out  and  standardize  a  great 
many  details  before  the  dift'erent 
manufacturers  would  recognize  the 
precisions  required  for  this  service. 
In  order  that  there  should  be  a  defi- 
nite understanding  of  the  require- 
ments necessary  for  this  class  of 
work  a  set  of  specifications  for  pul- 
leys was  recently  gotten  out  and 
adopted  by  the  Westinghouse  Elec- 
tric &  Mfg.  Company. 

FIG.      2 — DOUBLE     CROWN      OFFSET 

I'or    the    benefit    of   those    who  pulley 

piay  have  occasion  to  order  pulleys  for  high  speed  service,  some 
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of  the  main  features  that  have  been  found  to  Ije  necessary  to  take 
into  account  in  order  to  get  satisfactory  pulleys  are  given  here- 
with. 

DESfflN 

In  the  main,  it  is  best  to 
leave  the  general  design  of 
standard  pulleys  to  the  pulley 
manufacturers,  but  they  do  not 
agree  among  themselves  on  a 
number  of  points  that  are  of 
more  or  less  interest  to  pulley 
users.  It  is  therefore  neces- 
sary, for  the  sake  of  uniform- 
ity, to    adopt    a    compromise. 

FIG.   3 — UOUBLE   CROWN    PULLEY  t-i  r    ii  •     _ 

^  Ihe  followmg  seems  to  meet 

these  conditions  and  is  found  i j 

to    meet    the    general    wants  f—       ^h- 

quite  well :  1     :.  "         B    _L    Iface 

Pulleys  six  inches  in  di- 
ameter or  less  should  be  made 
with  webs  instead  of  arms. 
Pulleys  that  have  their  diame- 
ter and  face  in  accordance  with 
those  given  in  the  following 
schedule  should  have  single 
arms.  In  all  other  instance* 
the  practice  of  the  manufactur-    j ^^-offaceJ 

FIG.   4 — DOUBLE   CROWN    PULLEY 

er    in    regard    to    double    arms 

should  prevail. 

9    in.    diameter    up  to     8    in.    face 
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DIAMETER 

The  diameter  of  a  pulley  should  be 
as  accurate  as  possible,  and  measured  at 
a  point  one-half  way  between  the  edge  of 
the  rim  and  the  crown.  The  allowable 
variation  in  diameter  should  not  exceed 
plus  or  minus  one-sixteenth  inch  up  to 
20  inches  diameter  and  plus  or  minus  one- 
eighth  inch  for  larger  sizes.  A  great  deal 
of  motor  drive  is  such  that  the  rate  of 
speed  is  a  very  essential  feature  and  the 
only  way  to  get  accurate  speeds  is  to  have 
FIG.  6-Two  STEP  CONE  PULLEY  P^^cys  with  accuratc  diameters. 

BORE 

The  question  of  bore  probably  gives 
greater  concern  than  any  other  indi- 
vidual feature,  since  it  is  found  neces- 
sary to  keep  the  variation  of  bore  di- 
ameter in  dynamo  and  motor  pulleys 
between  exact  size  and  0.002  inch 
over  size  for  bores  up  to  two  and  one- 
half  inches  in  diameter  and  a  varia- 
tion between  exact  size  and  0.003  inch 
over  size  for  bores  larger  than  two 
and  one-half  inches  in  diameter.  In 
addition  to  accuracy  of  diameter,  it  is 
also  necessary  that  the  bore  should  be 


FIG.    7- 


-THREE    STEP    CONE    PULLEY 


FIG.     8 — DOUBLE     CROWN     PULLEY 


straight  and  true  in  every 
way.  The  thickness  of  the 
rim  is  also  quite  an  import- 
ant feature  because  a  heavy 
rim  gives  a  proportionately 
heavy  weight  and  throws  al- 
most the  entire  weight  of 
the  motor  on  a  single  bear- 
ing. Hence  a  reasonably 
light  rini  is  recommended. 
H  u  H 
The  hub  should  be  cen- 
tral with  the  pulley  face,  ex- 


cept in  the  case  of  offset  pulleys.  The   allowable   variation   in  the 
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length  of  the  hub  sometimes  affects  the  clearance  of  the  dynamo  or 
motor  to  which  it  is  to  be  attached,  while  the  diameter  of  the  hub 
affects  the  general  appearance  of  the  pulley  when  in  service. 

Set   screws    form    a   part   of   the   hub. 
'i'hey  should  be  radial,  over  the  center  of 
-^  the  key  and  properly  put  in  to  make  sure 
that  the  key  will  be  held  firmly  in  place. 


The  keyway  must  be  very  exact  to  size 
so  that  there  will  be  no  vibration  of  the  key 
in  stopping,  starting  or  reversing  the  pulley, 
since  a  key  that  is  given  any  play  will  work 
itself  loose  and  mash  the  keyway.  In  all 
cases  the  keyway  should  have  square  cor- 
ners ^d  be  cut  radial,  with  the  sides  and 


I' ^      H 

FIG.  g— ROPE  SHEAVE  puLLEvbottom  parallel,  w  ith  the  bore 


BALANCING 

It  has  been  found  that  a  pulley  which  has  been  given  a  care- 
ful static  balance  will  give  good  service,  but  when  not  accurately 
balanced  a  vibration  is  set  up  in  the  motor  which  is  very  detri- 
mental to  the  efficiency  and  life  of  the  machine. 

MARKING 

The  question  of  marking,  which 
in  itself  seems  to  be  a  small  matter, 
has  been  found  to  be  one  of  consider- 
able importance  on  account  of  the 
fact  that  pulleys  of  a  given  size  are 
often  made  with  different  diameters 
of  bore,  and  in  carrying  such  pulleys 
in  stock  there  is  great  danger  of  ship- 
ping the  wrong  pulley.  Hence  there 
is  a  decided  advantage  in  having  the 
diameter  of  the  bore  stamped  on  the 
end  of  the  hub.  This,  together  with 
the  manufacturer's  initials,  also 
stamped  on  the  end  of  the  hub,  gives   an    absolute    identification. 

SPECIAL    PULLEYS 

It  often  happens  that  a  pulley  of  special  shape  is  necessary 
or  very  desirable.     In  Figs,  i  to  lo  are  shown  a  number  of  spe- 


FIG.    10 — DOUBLE   CROWN    ROPE 
SHEAVE    PULLEY 
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cial  pulleys.  The  necessary  dimensions  are  indicated  in  these 
figures  by  the  dimension  lines,  the  distances  being  left  blank.  A 
sketch  of  a  standard  pulley  is  shown  in  Fig.  i  in  which  the  di- 
mension lines  are  given  for  a  pulley  whose  arms  and  hub  are  not 
central,  i.  e.,  they  are  to  be  ofifset  from  the  center,  the  amount  of 
offset  to  be  shown  by  the  dimensions  filled  in.  In  Fig.  2  is 
shown  a  double  crown  pulley  made  so  that  the  main  and  exciter 
belts  may  both  be  run  on  the  one  pulley  face.  Figs.  3  and  4 
show  double  crown  pulleys  for  two  heavy  belts.  A  double 
crown  pulley  with  a  smaller  pulley  fitted  on  the  hub  of  the  larger 
pulley  is  shown  in  Fig  5.  The  dimensions  and  general  design 
for  two  and  three-step  cone  pulleys  are  shown  in  Figs.  6  and  7. 
A  form  of  double  crown  pulley  with  two  diameters  is  shown  in 
Fig.  8.  Two  forms  of  sheave  pulleys  are  shown  in  Figs.  9  and 
10,  the  latter  one  having  a  small  belt  pulley  fitted  on  its  hub. 

These  forms  of  special  pulleys  are  the  more  usual  ones  and 
will  give  the  reader  a  general  idea  of  what  forms  of  special  pul- 
leys are  commonly  made.  It  is  recommended,  however,  that 
special  pulleys  should  not  be  specified  except  when  standard 
central  hub  pulle}-s  will  not  meet  the  service  required. 

ORDERING 

Too  great  care  can  not  be  given  when  placing  orders  for  pul- 
leys to  see  that  all  the  necessary  data  is  plainly  given. 

The  following  items  should  be  included  in  the  order:  (i) 
Kind  of  pulley— single,  double  or  triple  crown.  (2)  Material  of 
which  pulley  is  to  be  made.  (3)  Some  identifying  or  specifica- 
tion number.  (4)  Power  to  be  transmitted.  (5)  Speed.  (6) 
Dian:cter  of  the  pulley.  (7)  Width  of  the  pulley  faces.  (8) 
Bore.  (9)  Keyway — (a)  width,  (b)  depth.  (10)  Hub — (a) 
length,  (b)  amount  of  ofi^set  when  oft'set  pulleys  are  to  be  or- 
dered. 

By  following  the  above  outlined  suggestions,  it  has  been 
found  that  pulleys  can  be  had  f(^r  dynamo  and  motor  service  that 
will  f:i\-e  the  \'er\-  best  satisfaction. 


EXPERIENCE  ON  THE  ROAD 

K.  E.  SOMMER 
A  POLARITY  INDICATOR 

A  SHORT  lime  a!2:o  a  report  was  received  stating  that  two 
75  kw,  125  volt  generators  would  not  operate  in  parallel. 
On  arriving  at  the  plant  and  making  an  examination 
the  connections  from  the  generators  to  the  switch ooard  were 
found  to  be  correct.  The  generators  were  then  tested  separately 
with  the  available  loads,  and  their  behavior  as  to  commutation, 
compounding,  etc.,  was  all  right.  When  thrown  in  parallel  the 
circuit  breakers  opened  instantly.  Opposite  polarity  alone  could 
have  caused  such  sudden  results,  inasmuch  as  both  generators 
were  of  the  same  voltage  when  paralleled.  Apparently  the 
switchboard  voltmeter,  although  marked  "Direct  Current,"  was 
not  an  indicator  of  polarity.  The  writer  had  no  portable  Weston 
instrument  at  hand.  Recourse  was  therefore  had  to  a  tumbler  of 
acidulated  water  in  series  with  an  incandescent  lamp  as  a  pre- 
ventive resistance.  This  device  was  connected  successively 
across  the  terminals  of  each  generator.  In  one  case  bubbles 
appeared  in  the  water  at  one  terminal,  in  the  other  case  at  the 
other  terminal,  indicating  that  the  generators  had  been  paralleled 
when  of  opposite  polarity.  One  machine  was  "re-flashed"  from 
the  other  by  passing  an  exciting  current  in  the  proper  direction 
through  its  field  winding,  and  no  further  trouble  was  experienced 
with  parallel  operation. 

ROTARY  CONVERTER  TROUBLE 

A  200  kw,  60  cycle,  600  volt  rotary  converter  was  reported 
operating  unsatisfactorily.  It  was  suggested  that  the  lowering 
transformers  might  be  connected  improperly,  or  that  the  insula- 
tion of  the  converter  was  imperfect,  in  fact  a  number  of  causes 
for  the  unsatisfactory  operation  of  the  machine  were  advanced. 
Investigation  showed  the  transformer  connections  were  all  right, 
and  the  insulation  of  the  machine  not  defective.  The  substation 
operators  reported  that  at  times  the  rotary  operated  very  satis- 
factorily, and  at  other  times  very  unsatisfactorily.  The  writer 
decided  to  observe  operations  closely  for  a  few  days.     Readings 
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of  loads  were  taken  for  three  or  four  days  and  the  behavior  of 
the  machine  and  time  of  readings  noted.  The  power  for  this  con- 
verter came  from  a  large  lighting  and  power  station.  Through 
the  kindness  of  the  superintendent  of  the  company,  access  was 
had  to  the  switchboard  record  sheets.  On  comparing  the  writer's 
observations  and  the  switchboard  attendant's  sheets,  it  was  noted 
that  the  operation  of  the  converter  was  always  bad  when  two 
particular  generators  in  the  power  house  were  supplying  power 
to  the  bus-bars  to  which  the  converter  was  connected.  When  the 
other  generators  were  supplying  the  power,  the  operation  of  the 
converter  was  good,  and  particularly  with  one  3  000  kw  fly-wheel 
type  generator  supplying  power,  the  behavior  of  the  converter 
was  very  good  indeed,  loads  up  to  100  per  cent,  momentary  over- 
load being  satisfactorily  carried.  It  was  found  that  the  machines 
that  supplied  power  during  the  periods  of  unsatisfactory  opera- 
tion of  the  converter  did  not  have  copper  dampers.  As  the  rotary 
itself  vvas  obviously  not  defective,  an  agreement  was  entered  into 
between  the  railway  company  and  the  power  company,  by  which 
the  latter  was  to  furnish  power  only  from  the  generators  which 
gave  satisfactory  service. 

ALTERNATOR  TROUBLE 

A  telegram  in  this  case  read:     "Go  at  once  to  ville, 

lighting  company  cannot  get  voltage  from  generators."  At  the 
plant  were  two  single-phase  belted  generators,  a  90  kw  machine 
of  modern  type,  and  a  150  kw  of  an  obsolete  type,  purchased  from 
a  second-hand  dealer.  The  90  kw  generator  was  found  running 
at  2  100  volts  as  indicated  by  an  instrument  having  a  2  500  volt" 
scale.  By  adjusting  the  compensator  brushes,  a  reading  of  2  300 
volts  was  obtained,  or  200  volts  higher  than  the  desired  operating 
voltage.  The  150  kw  generator  could  not  be  made  to  show  more 
than  2  150  volts,  although  the  speed  was  approximately  correct 
and  ample  separate  excitation  was  provided.  A  Weston  portable 
voltmeter  was  attached  to  the  secondary  of  the  switchboard  volt- 
age transformer  of  the  150  kw  generator.  The  Weston  instru- 
ment indicated  2  350  volts  simultaneously  with  the  switchboard 
reading  of  2  150  volts.  The  Weston  voltmeter  was  then  con- 
nected to  the  voltage  transformer  of  the  90  kw  generator,  and  this 
reading  checked  exactly  with  the  simultaneous  reading  of  the  switch- 
board instrument.     As  the  90  kw  generator  had  an  armature  with 


fiOO  THE  ELECTRIC  JOURNAL 

distributed  winding  and  the  150  kw  generator  had  a  "toothed"  arma- 
ture, the  voltmeter  discrepancy  was  evidently  due  to  the  distorted 
wave  form  of  the  150  kw  machine.  The  Weston  instruments  indi- 
cate correctly  the  effective  value  of  the  e.m.f.  irrespective  of  wave 
form;  while  the  deflection  of  the  switchboard  instrument,  which  was 
of  the  type  "K"  style  is  effected  by  the  wave  form,  owing  to  the  va- 
riation in  permeability  of  its  iron  parts  at  different  indications.  As  a 
matter  of  fact,  the  type  "K"  instruments  should  be  especially  cali- 
brated for  use  with  currents  of  distorted  wave  form.  It  was  next 
decided  to  operate  the  machines  in  parallel,  but  owing  to  the  distort- 
ed wave  form  of  the  150  kw  generator,  parallel  operation  was  un- 
successful, and  another  generator  was  purchased  in  place  of  the 
"toothed"  armature  generator. 

BALANCE  COIL  TROUBLE 

In  another  case,  undue  heating  of  the  balance  coils,  used  in  con- 
nection with  a  20  kw,  250  volt,  three-wire  generator,  was  reported. 
The  voltage  and  frequency  was  found  to  be  correct,  as  were  also  the 
connections  between  the  generator  and  the  balance  coils.  The  loads 
were  not  above  the  rated  capacity,  nor  was  there  excessive  unbal- 
ance. A  25  ampere  alternating-current  ammeter  was  placed  in  the 
circuit  of  the  phase  "A"  balance  coil,  while  the  brushes  were  raised 
from  the  collector  rings  connected  to  the  phase  "B"  coil.  The  mag- 
netizing current  was  inappreciable,  being  too  small  for  accurate  read- 
ing on  the  ammeter.  The  brushes  were  then  placed  in  position  on 
the  phase  "B"  collector  rings.  With  both  balance  coils  connected 
and  zero  load  on  the  generator,  the  alternating-current  ammeter  read 
12.8  amperes.  The  ammeter  was  then  placed  successively  in  each 
leg  of  the  circuit  to  the  balance  coils,  w^ith  approximately  the  same 
result  in  each  case.  With  direct-current  loads  of  46  and  30  am- 
peres per  side,  the  alternating-current  ammeter  reading  increased 
only  to  14.9  amperes  from  the  12.8  ampere  reading  at  zero  load. 
Indications  pointed  to  incorrect  connections  from  the  armature 
winding  to  the  collector  rings  and  an  examination  showed  that  the 
taps  from  the  commutator  to  the  collector  rings  were  made  from 
bars  Nos.  i  and  13,  25  and  t,^,  whereas  the  taps  should  have  been 
made  from  bars  i,  13,  25,  and  37.  The  error  was  at  once  remedied 
and  the  balance  coils  gave  no  further  trouble. 
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Notwithstanding-  the   obvious   advantages   obtained 
The  Induction  by  the  use  of  constant  speed  induction  motors  in  cer- 
Motor  tain  classes  of  industrial  work,  these  advantages  are 

and  Its  not  infrequently  nullified  by  the  careless  selection 
Application  and  application  of  auxiliaries  for  use  with  such  mo- 
tors. As  is  pointed  out  by  Mr.  Reed  in  his  article 
in  this  issue  of  the  Journal,  the  use  of  auto-starters  will  reduce  the 
line  current  required  under  severe  starting  conditions  and  thereby 
relieve  the  supply  system  from  any  excessive  demands.  In  many 
cases  the  power  required  by  a  single  motor  is  small  compared  with 
the  capacit)'  of  the  supply  system,  so  that  the  amount  of  starting 
current  taken  by  an  individual  motor  is  immaterial.  In  other 
cases  it  is  highly  desirable  to  avoid  as  far  as  possible  such  excessive 
demands  on  the  supply  system.  Nevertheless  in  laying  out  the  motor 
equipment  for  mills  in  which  starting  conditions  are  severe,  such  as 
are  met  with  in  cement  mills,  the  designing  engineer  should  not  lose 
sight  of  the  vital  importance  of  uninterrupted  service.  Continuity  of 
service  is  all  important.  The  stopping  of  a  single  motor  may  result 
in  reducing  the  output  of  a  plant  fifty  per  cent,  during  the  period  of 
interruption.  In  many  processes  the  machines  driven  by  individual 
motors  are  expected  to  run  for  a  week  without  stopping.  It  is  evi- 
dent that  in  these  cases,  even  though  the  current  required  in  starting 
the  motor  be  severe  on  the  supply  system,  some  discomfort  on  that 
account  may  well  be  borne  if  by  so  doing  the  factor  of  reliability  in 
starting  be  increased.  Refinements  in  starting  devices  are  not  calcu- 
lated to  increase  this  factor  of  reliability,  and  unless  this  problem  has 
been  carefully  considered  for  each  individual  application,  the  start- 
ing device  becomes  an  additional  link,  which  is  apt  to  be  the  weakest 
link  in  the  system  between  the  power  house  and  the  machine  to 
which  the  motor  is  applied.  Cement  mill  machinery  can  usually  be 
driven  with  constant  speed  motors.  In  this  class  of  work  variations  in 
line  voltage  due  to  excessive  starting  currents  are  not  seriously  objec- 
tionable.    The  individual  motors  are  relatively  small  in  capacity  in 
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comparison  to  the  power  generators  back  of  them,  and  as  stops  are 
infrequent,  the  ehmination  of  starting  devices  on  motors  of  small 
capacity  is,  in  the  writer's  judgment,  wholly  justifiable  on  account  of 
the  increased  reliability  in  service  obtained  thereby. 

Whatever  motor  is  selected  for  a  certain  class  of  service  great 
care  should  be  exercised  in  selecting  starting  devices — if  they  be 
used — in  order  to  avoid  introducing  an  element  of  weakness  into  the 
system.  The  constant  speed  squirrel  cage  type  of  induction  motor  is 
of  rugged  construction,  capable  of  successfully  withstanding  hard 
usage  ;*  the  machines  driven  are  frequently  of  the  same  character. 
With  ample  power  back  of  the  system,  elimination  of  a  refinement 
in  the  form  of  starting  devices  is  frequently  justifiable  on  account  of 
the  increased  assurance  of  continuity  of  service  secured  thereby. 

On  the  subject  of  ratings  I  cannot  help  feel  that  there  is  a  popu- 
lar misconception  of  the  proper  method  of  rating  induction  motors. 
In  a  recent  conversation  with  one  of  the  most  prominent  steel  mill 
engineers  in  this  country  the  latter  entered  into  a  v;holesale  condem- 
nation of  present  methods  of  rating  induction  motors  because  he 
could  not  run  his  motors  at  175  per  cent  of  normal  rating  continu- 
ously without  burning  out !  Compare  this  notion  with  the  accepted 
rating  on  railway  motors,  for  instance.  If  a  railway  motor  carries 
its  rated  current  at  normal  voltage  for  one  hour  with  a  temperature 
rise  of  75  degrees,  C,  it  is  accepted  without  question  and  nothing 
more  is  demanded.  If  an  induction  motor  will  safely  carry  175  hp 
with  adequate  margin  in  overload  capacity,  w  ith  satisfactory  tem- 
perature, why  should  it  be  called  a  100  hp  motor?  Unreasonable  de- 
mands for  overload  capacity  in  induction  motors  cannot  be  justified 
except  on  the  theory  that  it  afifords  protection  in  cases  where  motors 
have  been  poorly  selected  for  a  given  service. 

The  equipment  of  a  large  establishment  with  induction  motors 
with  a  motor  load  factor  of,  say  50  to  75  per  cent,  results  in  paying 
a  high  price  for  a  margin  of  safety  by  increasing  the  first  cost  as  well 
as  decreasing  the  electrical  efficiency  and  power-factor  of  the  sys- 
tem, unless  indeed  the  cost  of  power  be  an  inconsiderable  item. 

The  ideal  result  is  attained  when  each  motor  is  in  its  size  and 
type  and  starting  appliances  most  accurately  adapted  to  the  condi- 
tions which  it  is  to  meet.  G.  E.  ]\Iiller 
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The  three-fold  capacity  of  the  Testing  Engineer 
The  as  "an  investigator,  or  a  counsellor,  as  as  a  judge," 

Testing  brings  out  the  functions  of  a  new  kind  of  engineer, 

Engineer  who,  as  Dr.  Dudley  remarks  in  a  prefatory  para- 
graph, which  has  been  omitted  in  the  reproduction 
of  his  address  in  this  issue  of  the  Journal,  "is  becoming  every  day 
more  and  more  prominent  in  the  industrial  world,  and,  as  time 
progresses,  is  destined  to  play  continually  a  more  and  more  important 
part  in  the  development  of  our  civilization."  ]\Iany  of  the  points  dis- 
cussed in  this  address  are  not  limited  to  a  particular  class  of  engi- 
neers, but  deal  with  principles  which  concern  all. 

The  element  of  human  antagonism  as  an  actuating  force  in  en- 
gineering is  presented  in  a  way  which  will  be  new  to  many,  especial- 
ly to  those  who  may  have  taken  it  for  granted  that  an  expert  who  is 
is  acting  in  the  interest  of  a  client,  particularly  if  the  client  be  a  man- 
ufacturing company,  is  so  influenced  that  his  expressed  opinions  are 
necessarily  tainted  by  bias.  An  engineer  who  respects  facts,  who  is 
true  to  the  principles  of  his  profession  and  who  places  integrity  be- 
fore success,  is  apt  to  find  that  rivalry  and  antagonism  give  incentives 
to  efifort  when  he  hopes  to  attain  a  certain  end  which  are  lacking  in  an 
independent  and  abstract  investigation.  Commercial  science  thus 
has  an  advantage  over  pure  science  as  an  important  element  in  the 
development  of  truth. 

The  discussion  of  the  oft-recurring  question  of  knowledge  versus 
training  in  college  contains  an  apt  definition  of  men  who  can  think 
as  "men  with  minds  so  trained  and  so  fitted  with  mental  equipment 
that  when  unexpectedly  and  for  the  first  time  put  in  presence  of  a 
combination  of  circumstances,  where  action  is  necessary,  they  will 
know  what  to  do  and  how  to  do  it." 

The  comment  on  the  proper  "cast  of  mind"  for  successful  en- 
gineering work,  and  the  means  of  acquiring  experience  apply  quite 
aptly  to  others  besides  Testing  Engineers,  and  the  last  page  contains 
some  very  practical  discussion  on  the  subject  of  engineering  ethics. 

Several  articles  which  have  recently  appeared  in  the  Journal, 
and  which  are  apparently  diverse  in  their  subject  matter  and  point 
of  view,  are  alike  in  that  they  deal  with  different  phases  of  engineer- 
ing work,  broadly  considered.  They  have  this  in  common. — ^Nlr. 
Kerr,  Col.  Prout,  Mr.  Achcson  and  Dr.  Dudley  are  all  men  who  have 
attained  eminence,  and  whose  views  and  suggestions  carry  the  weight 
whicli  mature  experience  gives. 

Charles  F.  Scott 
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The  young  man  just  graduating  from  a  college  of 

The  Value      engineering  and  about  to  commence  an  active  pursuit 

of  an  of  his  chosen  profession  will  do  well  to  consider  care- 

Bnsineeritig    fully  the  surest  method  by  which  to  gain  a  substan- 

Apprenticeshiptial  foothold.     This  is  a  crucial  moment  in  his  ca- 

Course         rcer,  for  upon  it  will  depend  in  a  great  measure  his 

ultimate  advance  in  the  profession. 
He  should  come  to  a  realization  that  it  is  beyond  the  scope  of  any 
educational  institution  to  give  within  the  comparatively  short  period 
of  four  years  much  more  than  a  fundamental  grounding  in  Physics, 
Mathematics  and  Chemistry,  constituting  a  mere  substructure  upon 
which  to  add  through  years  of  service  the  knowledge  to  be  gained 
only  from  the  school  of  experience. 

Many  permit  ambition  for  large  pecuniary  compensation  to  over- 
rule their  judgment  with  the  result  of  early  specialization,  possibly  in 
branches  of  the  profession  to  which  they  are  not  adapted  by  natural 
inclination  or  otherwise.  The  young  man  who  is  wise  enough  to 
guard  against  the  allurements  of  specialization  until  he  obtains  a 
broad  general  insight  into  the  various  problems  confronting  the 
mechanical  and  electrical  engineer  will  become  the  higher  paid  spec- 
ialist in  the  end. 

The  apprenticeship  course  of  the  Electric  Company  offers  a  ra- 
tional method  of  supplementing  a  technical  education  with  the  need- 
ful practical  experience.  The  development  is  gradual  and  systematic 
with  every  opportunity  to  gather  engineering  information  adaptable 
to  varied  and  manifold  conditions,  as  well  as  experience  in  the  actual 
design  and  manufacture  of  apparatus  to  fill  these  requirements.  The 
apprentice  learns  to  act  with  a  purpose  and  to  appreciate  the  value  of 
directness  of  thought  to  the  accomplishment  of  results.  His  ideas  of 
the  best  way  to  do  things  are  confirmed  or  refuted  through  actual 
contact  and  association  with  the  men  responsible  for  the  conception 
and  execution  of  the  very  best  engineering  practice. 

The  opportunities  for  association  with  young  men  representing 
the  prominent  educational  institution  of  this  and  foreign  countries, 
who  have  been  brought  together  through  the  same  motives  and  im- 
pulses, must  be  counted  among  the  advantages  of  the  apprenticeship 
course. 

An  advantage  of  beginning  one's  active  work  with  a  large  com- 
pany is  found  in  the  many  and  diversified  lines  in  which  advancement 
is  possible.  The  various  departments — manufacturing,  designing,  en- 
gineering, erecting,  sales  and  executive — give  the  }oung  man  an  op- 
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portunity  to  enter  the  field  for  which  his  aptitudes  best  fit  him.  If 
after  a  preHminary  experience  in  one  department  it  is  found  that  he 
is  best  quahfied  for  another,  the  transfer  can  often  be  effected,  and 
the  man  has  been  the  gainer  by  the  broadened  experience. 

The  value  of  such  a  course  is  probably  best  appreciated  by  those 
who  began  their  work  a  dozen  years  ago,  when  present  opportunities 
were  not  available.  Chas.  E.  Downton 


The  automatic  synchronizer  is  proving  to  be  a  great 
Automatic  help  to  central  station  operators,  especially  in  rotary 

and  Semi-  converter  sub-stations,  as  it  entirely  eliminates  the 

Automatic  personal  element  of  the  operator.    ]Mr.  Baker's  arti- 

Synchronizing  cle  in  this  issue  of  The  Journal  describes  a  typical 
installation  of  this  apparatus. 

There  often  arise  cases,  however,  where  there  are  no  electrical- 
ly operated  switches  for  the  synchronizer  to  operate,  and  for  various 
reasons  none  can  be  installed.  For  such  installations  a  semi-auto- 
matic system  of  synchronizing  can  be  adopted,  the  automatic  syn- 
chronizer being  used  instead  of  lamps  or  a  synchroscope  and  actu- 
ating a  signal  when  the  proper  moment  for  throwing  in  the  switches 
by  hand  has  arrived.  In  this  method  as  in  the  automatic  method 
with  electrically  operated  switches,  nothing  is  left  to  the  judgment 
of  the  operator.  The  automatic  synchronizer  will  not  make  the  sig- 
nal until:  (i)  The  voltages  are  near  enough  the  same;  (2)  The 
speeds  are  near  enough  the  same.  But  it  will  make  the  signal  the 
first  time  these  conditions  are  fulfilled,  and  at  an  instant  sufficiently 
ahead  of  synchronism  to  allow  the  attendant  to  close  the  switch  at 
the  exact  point.  When  the  diff'ercncc  in  speeds  of  the  machines  is 
large,  just  within  the  safe  limit  of  speed,  the  signal  will  be  given  at 
a  greater  interval  of  time  ahead  oi  the  synchronous  poiut  than  when 
the  difference  is  slight. 

As  an  example,  assmne  that  it  takes  an  operator  one-half  a  sec- 
ond to  receive  the  signal  and  throw  in  the  switch,  and  that  the  safe 
difference  of  speed  is  equal  to  one  synchnnious  period  in  five  sec- 
onds. As  soon  as  the  voltages  are  within  a  safe  percentage  and  the 
speeds  dift'er  b\-  one  synchronizing  period  per  five  seconds  the  signal 
will  appear  when  the  incoming  niachine  is  thirty-six  degrees  before 
true  synchn)nism.  When  the  synchronizing  periods  are  twenty-five 
seconds,  the  signal  will  appear  about  seven  degrees  ahead.     Thus  in 
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each  case  the  opt-ralor  would  haw  the  saiiu-  length  (if  time  to  close 
the  switch. 

TIk'  signal  (ipcratcd  sIkhiUI  be  one  havin;^^  the  (luickest  possible 
time  element.  Thus  an  incandescent  lamp  would  not  be  as  good  as  a 
bell  or  some  mechanical  device  such  as  a  tell-tale  inthcator.  In  either 
case  the  automatic  synchronizer  would  have  to  be  adjusted  to  suit 
the  time  element  of  the  indicatur  phis  lliat  of  the  operator. 

Paul  M.\cG.'\h.\n 


The  October  issue  of  the  j)roceedings  (jf  the  Insti- 
The  American  tute  contain  a  new  feature  which  is  of  interest  in 
Institute  of  itself  and  is  significant  of  the  new  attitude  which 
Electrical  the  Institute  has  assumed  toward  its  membership. 

Engineers  The  new  feature  is  in  the  nature  of  a  Ijulletin  giving 

current  electrical  and  engineering  news,  personal 
items,  editorial  comment  on  various  matters  of  interest,  reports  on  the 
activities  of  the  various  Institute  committees  and  the  like,  and  reports 
and  announcements  respecting  the  Institute  branches.  The  monthly 
proceedings  therefore  not  only  contain  a  list  of  technical  and  engi- 
neering papers  with  discussions  thereon  but  in  addition  to  these  there 
is  something  up-to-date  and  of  current  interest.  This  gives  a  new 
life  and  spirit  and  a  lively  interest  which  will  not  only  be  greatl} 
appreciated  by  the  members  at  large  but  will  bring  them  into  closer 
touch  with  Institute  affairs. 

The  reappointment  of  the  High-Tension  Transmission  Commit- 
tee and  the  appointment  of  a  new  committee  to  deal  with  telephony, 
and  the  activity  of  various  Institute  branches  all  indicated  a  healthy 
and  progressive  condition.  The  Institute  will  shortly  move  into  its 
new  quarters  in  the  new  Engineers'  Building,  which  will  increase  its 
facilities  and  should  mark  the  beginning  of  a  new  era  in  its  influence 
and  usefulness. 

The  membership  of  the  Institute  has  increased  more  than  three- 
fold during  the  last  five  years.  There  is  no  reason  why  this  growth 
should  not  continue.  This  growth  will  certainly  continue  as  those 
who  are  eligible  but  are  not  members  come  to  appreciate  the  work 
which  the  Institute  is  doing  and  the  value  that  it  may  be  to  them  indi- 
vidually. Chas.  F.  Scott. 


APPLICATION  OF  THE  PRINCIPAL  TYPES  OF  POLY- 
PHASE INDUCTION  MOTORS* 

W.  EDGAR  REED 

IN  ORDER  to  choose  the  proper  motor  for  a  given  service,  it  is 
necessary  to  know  the  requirements  and  the  characteristics  of 
motors  which  may  be  used  for  this  work.  When  these  are  known 
the  motor  that  is  best  suited  for  a  given  class  of  work  can  be  de- 
termined. 

The  principal  types  of  polyphase  induction  motors  may,  for  con- 
venience in  applying  them,  be  classified  according  to  their  operating 
characteristics  as  constant  and  variable  speed  motors.  The  most  im- 
portant characteristics  to  be  considered  in  making  applications  are 
the  speed-torque  curve  (or  automatic  variation  of  speed  for  different 
torques  or  horsepower  outputs  of  the  motor),  the  maximum  starting 
torque  and  corresponding  current,  the  rating  or  load  the  motor  will 
carrv  for  a  given  time  with  satisfactory  temperature  rise,  and  the  ef- 
ficiency and  power-factor  under  these  different  conditions. 

SPEED-TORQUE  CURVES  OE  CONSTANT  AND  \'ARU\Br.E  Sl'EED  ^roT()KS 

The  characteristic  speed-torque  curve  of  tlic  pi)ly])hasc  induc- 
tion luotor  is  shown  in  Fig.  i,  curve  a,  from  which  it  can  bo  seen 
that  the  speed  drops  gradually  with  increase  of  torque  from  synchron- 
ism or  constant  speed  until  the  maximuiu  (pull-out)  torque  is 
reached.  Any  increase  in  load  cannot  then  be  overcome  by  torque 
developed  by  the  motor,  consequently  both  speed  and  torque  diminish 
until  the  motor  stops.  The  intersection  of  the  speed-toniue  curve 
with  the  axis  of  torque  will  be  of  value  of  the  maximum  starting 
torque.  The  percentage  dn)p  from  constant  speed  is  the  pev  cent  slip 
of  the  motor.  The  full-load  percentage  slip  of  the  motor  is  frequent- 
ly referred  to  simply  as  "slij)."  The  slip  is  proportional  to  the  copper 
loss  in  the  rotor,  thus  four  j>er  cent  slip  nteans  a  copper  loss  in  the 
rotor  of  four  per  cent.  An  increase  in  slip,  therefore,  means  a  de- 
crease in  efficiency. 

The  so-called  constant  speed  type  of  motor  is  (~>ne  that  has  the 
uiininuun  sli])  and  therefore  the  best  speed  regulation  an<l  etViciency 
for  various  loads.  The  average  slip  for  large  motors  will  not  exceed 
a  couple  of  per  cent  and  for  small  motors  will  be  greater  as  the  horse- 

'"Based  on  a  lecture  delivered  before  the  Electric  Club. 


608 


THE  ELECTRIC  JOURNAL 


power  size  diminishes,  reaching  five  to  six  per  cent  for  motors  of 
small  size.  If  speed  regulation  were  the  only  feature  to  be  taken  care 
of,  the  slip  could  be  made  lower  than  it  generally  is  for  the  average- 
constant  speed  motor,  but  good  starting  torque  and  low  starting, 
current  in  the  line  dc])end  directly  upon  the  slip.  For  this  reason  in 
order  to  obtain  a  fairly  good  starting  torciue  and  to  limit  the  maxi- 
numi  starting  current  a  greater  slip  is  allowed  than  would  be  neces- 
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sary  to  obtain  small  starting  torque,  large  starting  current,  and  the 
best  possible  speed  regulation.  There  are  some  applications,  how- 
ever, where  low  starting  torque  only  is  required,  such  as  motor- 
generators  which  are  started  up  unloaded  or  from  the  generator 
side,  for  motors  operating  centrifugal  pumps,  air  compressors, 
etc.  In  these  and  similar  cases  the  speed  regulation  and  efficiency 
can  be  made  the  very  best.  See  Fig.  i,  cur\'e  a.  But  the  average 
constant  speed  motor,  see  curve  h,  is  required  to  develop  a  starting 
torque  of  from  one  and  one-fourth  to  two  times  full-load  torque,  and 
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the  corresponding  starting  current  in  the  motor  may  vary  from  ap- 
proximately four  and  one-half  to  seven  times  full-load  current  (or 
three  to  three  and  one-half  times  full-load  current  for  full-load  torque 
may  be  obtained  by  applying  suitable  reduced  voltages).  Motors 
which  fulfill  these  requirements  are  made  with  a  speed  regulation 
that  is  satisfactory  for  nearly  all  classes  of  constant  speed  work.  The 
maximum  running  torque  of  the  average  constant  speed  induction 
motor  may  vary  from  approximately  two  and  one-fourth  to  three 
times  full-load  torque,  depending  upon  the  size  of  motor.  This  is 
about  fifty  per  cent  greater  running  than  the  starting  torque. 

The  variable  speed  motor*  has  very  large  slip  and  hence  a  large 
variation  in  speed  for  changes  in  torque,  or  in  other  words  the  poorest 
speed  regulation  and  low  efficiency,  other  conditions  remaining  the 
same.  It  develops  the  maximum  torque  at  starting  with  minimum 
starting  current.  The  value  of  maximum  and  starting  torque  will 
be  at  the  intersection  of  the  speed-torque  curve  with  the  axis  of 
torque  or  at  zero  speed,  as  shown  in  Fig.  2,  curve  c.  Motors  of  this 
type  are  sometimes  designed  to  have  a  speed-torque  curve  that  ap- 
proaches a  straight  line.  These  motors  have  been  frequently  called 
the  "straight  line  motors."  The  average  motor  of  this  type  is  de- 
signed to  develop  a  starting  torque  of  not  less  than  two  and  one-half 
times  full-load  torque  and  the  starting  current  taken  by  the  motor 
will  be  approximately  four  times  full-load  amperes  (or  one  and  one- 
half  times  full-load  amperes  for  full-load  torque  if  reduced  voltage 
is  applied). 

The  slip,  starting  torque  and  starting  current  of  induction  mo- 
tors may  be  varied  by  changing  the  rotor  resistance.  An  increase  in 
resistance  within  limits  increases  the  slip  and  starting  torque  and 
diminishes  the  starting  current.  The  maximum  torque  is  practically 
unchanged  by  variations  in  rotor  resistance.  Constant  speed  motors, 
as  shown  by  curve  a.  Fig.  i,  may  be  changed  in  this  way  to  motors 
having  ihe  speed,  curve  c,  or  intermediate  curves,  such  as  d.  Some 
of  the  intermediate  curves  are  comparable  to  the  speed-torc[ue  curves 
of  direct-current  compound-wound  motors  which  have  speed  char- 
acteristics intermediate  between  the  shunt  and  series  motors,  and 
induction  motors  ha\ing  these  characteristics  can  in  a  general  way 
be  applied  to  work  similar  to  that  for  which  compound  motors  are 
used. 


*"Variable  speed  motor"  here  refers  to  motors  whose  speed  varies  auto- 
matically with  the  torque  and  horse  power.  Their  spced-torgue  curve  dif- 
fers from  that  of  the  shutit-wound  direct-current  adjustable  speed  motor 
which  is  sometimes  also  called  a  "variable  speed  motor." 
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KATINCS 

Constant  spLcd  motors  arc  j^cncTally  rated  s(j  that  they  will  carry 
normal  load  continuously  with  a  rise  in  the  temperature  of  forty  de- 
grees C,  or  less,  twenty-five  per  cent  over-load  continuously,  with 
a  rise  of  sixty  degrees,  or  less,  and  fifty  per  cent  over-load  for  one 
hour  with  a  rise  of  fifty  degrees,  or  less,  all  the  temperatures  being 
measured  l)y  the  thermometer  method. 

Varialjle  s])ce(l  motors  arc  generally  o])erated  under  continually 
changing  loads  and  the  best  way  to  determine  the  size  of  UKjtor  re- 
quired for  a  service  is  to  determine  the  average  losses  for  a  given 
length  of  time  or  cycle  of  operations.  A  size  of  motor  can  then  be 
chosen  that  will  operate  with  these  average  losses.  For  this  reason 
variable  speed  motors  for  industrial  work  are  rated  like  series  railway 

motors,  that  is,  at  a  maxnuuHi 
horse-power  for  a  one-half  or 
one  hour  run  with  a  temperature 
rise  of  forty,  sixty  or  any  other 
degree  C.  rise  by  thermometer. 
Curves  can  also  be  made  which 
show  the  lengths  of  time  a  motor 
will  carry  dift'erenr  loads  with  a 
given  teiuperature  rise.  These 
motors  are  given  a  number  in- 
stead of  a  horse-power  rating,  as 
is  done  with  railway  motors. 
FIG.    2  EFFICIENCY 

Constant  speed  motors  with  a  mininunn  slip  have  the  highest 
efficiency.  With  increased  slip  and  secondary  resistance  the  ei^ciency 
diminishes  on  account  of  the  increased  secondary  losses.  The  effi- 
ciency of  variable  speed  motors  is  lower,  other  conditions  remaining 
the  same,  on  account  of  their  large  slip  and  secondary  losses.  The 
curves  a,  h,  c  and  d  in  Fig.  2  show  the  changes  in  efficiency  wdth  dif- 
ferent rotor  resistances.  These  efficiencies  correspond  to  the  simi- 
larly marked  speed  curves  in  Fig.   i. 
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POWER-FACTORS 


The  power-factor  at  light  load  is  very  low\  but  increases  rapidly 
with  the  load,  and  is  generally  very  good  for  the  constant  speed  mo- 
tor at  full-load,  as  shown  by  the  power-factor  curve  in  Fig.  2.  The 
power- factor  when  starting  with  load  may  reach  forty  to  sixty  per 
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cent.  The  power-factor  curve  of  the  variable  speed  motor  follows 
the  general  form  of  that  for  the  constant  speed  motor  but  is  general- 
ly somewhat  lower,  especially  for  light  loads.  When  severe  starting 
conditions,  requiring  several  times  full-load  current  at  a  low  power- 
factor  exist,  their  effect  upon  the  supply  circuit  should  be  considered 
in  making  applications. 

TYPES   OF    ROTOR    WINDINGS 

Polyphase  motors  are  generally  of  the  squirrel  cage  (short-cir- 
cuited rotor)  or  the  slip  ring  (wound  rotor)  type.  The  squirrel  cage 
motor  is  the  simplest  mechanically.  There  is  nothing  to  get  out  of 
order  and  its  operation  is  entirely  automatic.  There  are  only  a  few 
volts  generated  in  the  secondary  winding,  and  no  trouble  is  experi- 
enced with  insulation  breakdowns.  The  motor,  therefore,  requires 
very  little  attention  and  expense  for  maintenance. 

The  starting  current  of  a  squirrel  cage  motor  may  be  decreased 
by  applying  a  lower  voltage  than  normal,  the  torque,  however,  is  pro- 
portional to  the  square  of  the  voltage  applied,  so  that  the  application 
of  this  method  is  rather  limited  unless  the  torque  of  the  motor  under 
normal  voltage  is  very  high.  The  lowest  suitable  voltage  for  the  re- 
quired starting  torque  should  be  used,  however,  as  the  shocks  and 
strains  upon  apparatus  connected  to  the  motor  are  in  this  wav  also 
reduced. 

The  wound  rotor  is  more  complicated  and  difficult  to  make  on 
account  of  the  winding  and  insulation  for  higher  voltages,  sliding 
contacts  and  variable  rotor  resistances  which  must  be  inserted  man- 
ually or  automaticall}-. 

By  using  a  variable  rotor  resistance  in  connection  with  a  slip  ring- 
motor  there  are  obtained  some  of  the  advantages  of  the  high  resist- 
ance rotor  at  starting  and  the  low  resistance  rotor  when  running.  .\ 
starting  torque  equivalent  to  full-load  running  torque  can  be  obtained 
with  a  current  only  a  little  greater  than  full-load  current,  and  the 
l)ower-factor  still  be  the  same  as  under  running  conditions.  This  is  a 
most  important  feature,  especially  when  the  starting  current  may 
effect  the  supply  circuit.  The  efficiency  will  also  be  high  under  run- 
ning conditions. 

Different  rotor  resistances  can  be  used  for  obtaining  variable 
adjustable  speed  motors.  The  efficiency  is  lowered,  however,  as  the 
speed  is  reduced,  and  this  sh(^uld  be  considered  in  making  applica- 
tions. For  example,  half-speed  would  mean  fifty  per  cent  loss  in  the 
rotor  resistance  and  the  efficientv  of  the  motor  would  be  less  than  fiftv 
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per  cent.  Also  under  these  conditicjns  the  speed  is  constant  only  for 
a  given  torque  or  horse-power,  and  will  change  as  soon  as  the  torque 
required  changes.  The  speed  will  follow  speed  curves,  similar  to 
those  shown  in  Fig.  i,  for  different  torcjues  and  there  will  be  greater 
variation  in  sjjeed  for  the  high  than  the  low  resistance  rotor. 

Al'I'I.ICATIOXS 

The  variable  speed  motor  should  be  used  when  frequent  severe 
starts  are  necessary  and  the  period  of  operation  is  short,  and  where 
variations  in  torque  and  speed  are  great, — for  example,  on  cranes, 
elevators,  hoists,  railways,  roller  beds,  bending  rolls,  reciprocating 
machine  tools,  punches,  shears,  etc.  For  elevator,  or  similar  work 
where  quick,  frequent  starts  and  stops  are  necessary,  motors  having 
a  minimum  inertia  of  rotating  parts  should  be  used.  In  this  case  it 
is  advisable  to  use  motors  of  the  slowest  speed  and  lightest  weight  of 
rotor  that  will  give  satisfactory  operation.  Although  the  efficiency  of 
this  motor  at  full-load  is  less  than  the  constant  speed  motor,  yet  as 
the  motor  runs  only  a  short  time  at  full-load,  this  is  not  of  as  great 
importance  as  the  efficiency  when  starting,  which  is  higher  than  for 
the  constant  speed  motor.  \'ariable  speed  motors  are  also  used  for 
starting  rotary  converters,  synchronous  motors,  etc.,  where  they  must 
develop  exceedingly  heavy  torques  for  a  very  short  time. 

Constant  speed  motors  are  generally  used  for  that  class  of  service 
which  requires  fairly  constant  power  for  a  long  period,  good  speed 
regulation,  infrequent  starting  and  only  average  starting  torque,  such 
as  driving  line  shafting,  high  and  low  speed  centrifugal  and  recipro- 
cating pumps,  air  compressors,  blowers,  fans,  rotary  motion  machine 
tools,  wood  working  machinery,  lathes,  boring  mills,  circular  and 
band  saws,  motor-generator  sets,  frequency  changers,  continuous  run- 
ning constant  loaded  machinery,  etc. 

In  general,  the  short-circuited  type  of  rotor  should  be  used  when 
the  motor  is  small  compared  with  the  size  of  the  generating  station ; 
when  the  voltage  regulation  of  the  system  would  not  be  effected  by 
the  starting  current  required  by  large  motors  ;  when  the  starting  con- 
ditions are  not  frequent  or  severe ;  when  the  motor  is  not  accessible 
for  frequent  inspection  and  where  simplicity  is  of  great  importance. 

The  wound  rotor  should  be  used  when  the  motor  is  large  com- 
pared with  the  capacity  of  the  generating  station  ;  when  good  voltage 
regulation  is  necessary  ;  when  frequent  starting  is  required  and  where 
large  starting  current  would  seriously  affect,  or  be  undesirable  to, 
the  system  ;  for  work  at  reduced  speeds  or  where  fairly  heavy  loads 
must  be  brought  up  to  speed  gradually. 
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Note.— The  following  classification  of  Westinghouse  polyphase  in- 
duction motors  was  given  by  Mr.  Reed  in  his  lecture  before  the  Electric 
Club.  This  may  be  of  interest  as  the  various  types  of  motors  are  given 
according    to    their    trade    designation. 


Types. 


Sizes. 


r 

Squirrel  Cage 

\   CX 

Rotor 

i  CCIv 

Constant 
Speed    "^ 

fF 

Wound 

FX 
-j   HF 

Rotor 

^ 

!  HX 

r 

J   C,  crane  and 
starting 

Squirrel  Cage 

Rotor 

Variable 
Speed 

f  ^ 
<   FX 

Wound 

Rotor 

i  HF 

All 


All 

60  cycle  motors 
up  to  50  li.  p. 

Generally  motors 
that  can  be  built  in 
the  75  h.p.  frame 
and  smaller 


All 


The  HX  type  of  motor  has  resistances  mounted  on  the  end  of  the 
rotor  shaft  outside  the  bearing  brackets.  These  resistances  turn  with 
the  rotor  and  slip  rings  are  not  necessary.  A  plunger  is  used  for  grad- 
ually cutting  the  resistances  out  of  the  circuits. 

The  F  and  FX  types  of  motor  are  fitted  with  slip  rings  mounted  out- 
side the  brackets.  These  are  connected  to  external  resistances  which  are 
gradually  cut  out  of  circuit  by  a  controller. 

The  HF  type  of  motor  is  similar  to  the  ones  just  given  except  the 
slip  rings  are  mounted  inside  the  brackets.  A  device  is  used  on  the 
larger  sizes  of  motors  for  short-circuiting  the  winding  when  the  resist- 
ance is  cut  out  so  that  no  current  will  flow  through  the  collector  rings 
and    brushes. 

HF  constant  speed  motors  are  supplied  with  resistances  havmg  suf- 
ficient capacity  for  starting  only.  The  variable  speed  motors  of  this 
type  have  resistances  of  greater  capacity  for  running  continuously  at  re- 
duced speeds. 


THE  TESTING  ENGINEER 

CHAS.   B.   DUDLEY 

Chemist,  The  Pennsylvania  Railroad  Company 

The  following  article  is  from  one  of  a  series  of  presidential  address- 
es delivered  by  Dr.  Dudley  before  the  American  Society  for  Testing 
Materials,  at  its  various  annual  meetings.  The  series  has  thus  far  em- 
braced three  addresses  and  it  is  expected  that  a  fourth  one  will  be 
forthcoming  at  a  subsequent  meeting.  All  of  these  addresses  refer  in 
some  way  to  the  testing  of  materials.  The  first  address  was  entitled 
"The  Making  of  Specifications  for  Materials,"  the  second,  "The  In- 
fluence of  Specifications  on  Commercial  Products,"  the  third  one,  slightly 
condensed,  is  given  below,  and  the  fourth  will  take  up  some  other  phase 
of  the  same  subject,  probably,  "The  Enforcement  of  Specifications."  Dr. 
Dudley  has  been  engaged  for  thirty  years  in  this  line  of  work  and  has 
accumulated  a  large  amount  of  experience  on  the  subject  which  he  has 
attempted  to  treat.     (Ed.) 

THE  field  which  the  Testing  Engineer  occupies,  and  the  cause 
to  which  his  loyalty  is  due,  may  perhaps  wisely  claim  a  few 
moments'  attention. 
The  Testing  Engineer  acts  in  a  three-fold  capacity.  He  is 
either  an  investigator,  or  a  counsellor,  or  a  judge.  He  is  finding 
out  new  truths,  he  is  protecting  the  interests  of  his  client  the  pro- 
ducer, or  he  is  determining  by  his  tests  that  contracts  are  being  ful- 
filled, or  specifications  lived  up  to,  in  the  interests  of  his  client  the 
consumer.  While  all  three  forms  of  the  Testing  Engineer  may  be 
and  often  are  engaged  in  research,  in  investigating  a  knotty  prob- 
lem, or  devising  means  of  demonstrating  a  point,  it  is  perhaps  more 
commonly  the  work  of  what  may  be  called  the  "unattached  Testing 
Engineer"  to  make  investigations.  The  professors  in  colleges,  es- 
pecially those  having  a  genius  for  experiment,  and  indeed  independ- 
ent investigators,  who,  as  the  result  of  business  shrewdness  or  by 
good  fortune,  are  so  situated  that  they  are  not  compelled  to  struggle 
for  an  existence,  are  continually  adding  to  the  sum  of  human  knowl- 
edge by  their  tests  and  experiments  while  laboring  in  this  field. 
They  have  no  clients  to  satisfy,  no  employer's  interests  to  defend, 
and  no  antagonisms  to  overcome  except  perchance  the  unwillingness 
of  nature  to  yield  up  her  secrets.  Their  loyalty  is  to  the  truth 
alone ;  their  stimulus,  their  zeal  for  knowledge,  and  their  reward, 
the  approbation  of  their  fellows.  These  seem  to  be  almost  ideal 
conditions  for  securing  the  truth,  and  it  would  seem  as  though  re- 
sults obtained  by  such  experimenters,  or  Testing  Engineers,  and 
under  such  conditions,  ought  to  be  accepted  and  acted  on  without 
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question.  But  we  venture  to  suggest  that  there  is  one  desirable, 
not  to  say  essential  element,  in  the  search  for  truth,  that  is  lack- 
ing in  the  conditions  outlined  above.  This  is  the  element  of  human 
antagonism.  Perhaps  an  example  will  best  make  the  point  clear. 
The  subject  for  investigation  we  will  say  is  a  method  for  determin- 
ing phosphorus  in  steel.  The  professor,  or  independent  investiga- 
tor, makes  his  studies  and  experiments,  and  publishes  his  results. 
During  the  w^hole  investigation  he  has  been  actuated  by  no  desires, 
except  to  get  at  the  truth.  There  has  been  no  temptation,  except 
perhaps  the  desire  to  finish  the  investigation,  to  stimulate  him  to 
neglect  any  essential  point,  to  give  any  results  or  draw  any  conclu- 
sions that  the  most  rigid  interpretation  of  the  facts  would  not  war- 
rant, and  hence  so  far  as  accuracy  is  concerned,  it  would  appear 
as  though  no  question  should  be  raised.  And  yet,  so  great  is  our 
belief  in  the  value  of  human  antagonism,  where  the  truth  is  in- 
volved, that  we  cannot  help  saying  that  we  would  prefer  a  method 
w'hich  resulted  from  the  contentions  of  two  chemists,  the  one  of 
whom  was  the  employee  of  a  consumer  and  who  w^as  trying  to 
make  out  that  the  sample  on  which  they  were  both  working  con- 
tained more  phosphorus  than  the  specifications  allowed ;  and  the 
other  of  whom  w^as  the  employee  of  the  producer,  and  who  was 
trying  to  show  that  the  phosphorus  in  the  sample  was  below  the 
requirements  of  the  specifications,  there  being  a  large  commercial 
transaction  involved  in  the  result.  We  cannot  help  feeling  that 
every  point  in  the  method  would  receive  much  more  severe  criti- 
cism, and  consequently  if  it  survived  would  be  much  more  worthy 
of  confidence  under  these  conditions,  than  if  it  were  brought  out 
by  a  single  experimenter  making  investigations  for  the  sake  of 
publishing  them.  So  greatly  docs  the  legal  fraternity  rely  on  the 
element  of  human  antagonism  as  an  essential  feature  in  the  devel- 
opment of  truth,  that  we  are  entirely  safe  in  saying  that  the 
whole  structure  of  legal  procedure  is  based  on  this  foundation. 
It  may  not  be  amiss  here  also  to  quote  from  one  of  our  instruct- 
ors in  chemistry,  who  had  reached  the  philosophic  age,  and  who  in 
a  very  dry  way  used  to  say  that  during  his  active  work  he  had  tested 
many  published  methods  in  analytical  chemistry,  which,  for  some 
reason,  not  necessary  to  explain,  always  apparently  gave  bettor  re- 
sults in  the  hands  of  those  who  devised  them  than  he  was  ever  able  to 
get  from  them.  We  fancy  it  hardly  needs  saying  that  in  this  matter 
there  is  no  intention  of  questioning  the  integrity  or  reliability  of  in- 
vesigators  who  are  studying  the  truth  for  truth's  sake.     The  point 
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we  had  in  mind  was  to  suggest,  the  th(jught  that  jx^rhaps  those  who 
are  accustomed  to  glorify  pure  science  may  have  overlooked  one 
fairly  important  element  in  the  development  of  truth. 

As  already  indicated,  the  field  of  work  of  the  Testing  Engineer 
in  the  industrial  world  seems  to  be  either  to  find  out  new  things,  or 
to  protect  the  iiilcrests  of  the  producer  or  consumer.  .\nd  there 
are  three  kinds  of  testing  engineers  to  occupy  these  two  fields,  viz., 
the  unattached  engineer,  the  consumer's  engineer  and  the  pr(jduc- 
er's  engineer.  .\t  first,  there  were  apparently  only  two  kinds  of 
testing  engineers,  viz.,  the  unattached  and  the  consumer's.  But  it 
did  not  take  long  after  consumers  began  to  study  and  test  materials 
and  prepare  specifications,  before  the  producers  found  it  necessary 
to  protect  their  interests  and  defend  their  materials  by  means  of 
testing  engineers  in  their  own  employ. 

It  is  perhaps  hardly  necessary  to  say  that  in  this,  our  analysis 
of  the  scope  and  field  of  the  Testing  Engineer,  we  have  not  for- 
gotten the  various  inspection  bureaus  and  testing  laboratories 
which  are  doing  such  excellent  work  in  various  parts  of  the  country. 
As  we  understand  the  matter,  these  organizations,  while  perhaps 
not  strictly  covered  by  the  definitions  given,  in  that  they  do  not 
derive  their  continuous  sustenance  in  such  a  way  as  the  imattached 
testing  engineers,  nor  in  the  same  way  as  those  who  defend  the 
interests  of  the  consumer  or  the  producer,  and  in  that  they 
have  an  independent  organization,  and  owe  loyalty  only  where  it 
is  paid  for;  yet  in  a  certain  sense  these  independent  organizations 
do  perform  exactly  the  same  functions  as  the  three  classes  of  test- 
ing engineers  which  we  have  described.  Any  one  of  them  will 
make  investigations  either  in  the  interests  of  a  client  or  for  the  sake 
of  the  truth  alone ;  any  one  of  them  will  temporarily,  or  continu- 
ously, if  the  retainer  be  sufficient,  defend  and  care  for  the  interests 
of  a  consumer,  or  will  render  a  like  service  for  a  producer,  provided, 
of  course,  that  the  interests  of  the  two  are  not  antagonistic  at  the 
same  time.  So  that  we  cannot  help  feeling  that  the  three  kinds  of 
testing  engineers  mentioned,  the  unattached,  the  producer's  and  the 
consumer's,  fairly  well  cover  the  field. 

What  now  shall  be  the  cast  of  mind,  and  what  the  mental 
equipment  of  the  Testing  Engineer?  Upon  the  first  of  these 
topics,  it  is  difficult  to  say  much  that  is  positive.  It  is  perhaps 
easier  to  say  what  kind  of  mind  will  not  succeed  in  this  branch  of 
engineering,  than  to  say  what  the  positive  requirements  of  a  suc- 
cessful testing  engineer  are.     'We  will  perhaps  all  agree  that  he 
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should  be  independent,  self-reliant,  gifted  with  the  power  of  analy- 
sis of  facts,  as  w^ll  as  with  the  power  of  drawing  conclusions  from 
the  data  at  hand.  He  should  be  ingenious  in  devising  methods  to 
demonstrate  the  points  at  issue,  and  a  careful  observer  of  data. 
He  must  keep  himself  free  from  bias  or  prejudice,  and  take  especial 
pains  that  he  does  not  deceive  himself.  He  should  be  fond  of 
experiment  and  have  a  genius  for  it.  Many  times  during  our  nearly 
thirty  years'  attempt  to  do  something  in  the  line  of  the  work  of  a 
testing  engineer,  we  have  had  occasion  to  paraphrase  the  Latin 
?pothegem  and  say.  "experimenters  are  born,  not  made."  He  should 
keep  constantly  in  mind  the  end  to  which  his  experiments  tend, 
and  understand  clearly  the  effect  of  every  step  in  the  progress  of 
his  tests,  and  its  influence  on  the  final  result.  Above  all,  he  should 
be  a  thinker.  No  man  who,  when  a  problem  is  presented  to  him, 
simply  searches  his  memory  for  whatever  he  may  have  learned  in 
the  schools,  or  have  perchance  picked  up  in  his  reading,  which 
bears  on  his  problem,  has  any  especial  call  to  be  a  testing  engineer. 
We  are  quite  ready  to  allow  that  the  power  of  seeing  analogies 
between  your  own  problem,  and  one  that  some  one  else  has  had, 
and  perchance  successfully  solved,  is  a  legitimate  and  useful,  not  to 
say  time-saving  habit  of  mind,  but  the  point  we  want  to  make  is 
that  the  one  who  habitually  and  continuously  approaches  every 
problem  through  memory,  or  by  studying  up  what  others  have  done, 
is  far  lesss  likely  to  succeed  as  a  testing  engineer,  than  one  who 
habitually  attacks  a  problem  by  an  analysis  of  its  elements. 

But  it  may  be  urged,  if  experimenters  are  born,  not  made,  and 
if  so  much  depends  on  cast  and  habit  of  mind,  what  can  the  schools 
do  in  the  way  of  training  and  furnishing  mental  equipment  to  pro- 
duce successful  testing  engineers?  Wc  answer  much,  every  way. 
While  it  is  probably  not  possible  for  any  school  to  make  a  thinker 
out  of  a  dreamer,  or  a  successful  experimenter  out  of  a  numskull, 
we  still  claim  that,  given  an  ordinary  fair  mental  endowment,  it  is 
possible  for  the  schools  to  make  successful  testing  engineers,  or  to 
spoil  the  material  they  start  with. 

It  hardly  comes  within  the  sphere  of  this  paper,  or  coincides 
with  our  present  purpose,  to  say  anything  about  the  curriculum 
of  studies  best  calculated  to  fit  a  man  to  be  a  successful  testing 
engineer.  This  is  neither  the  time  nor  the  place  for  such  a  paper, 
although  we  may  possibly  say  something  a  little  later  about  the 
self-education  of  the  one  who  expects  to  spend  his  energy  in  this 
field  of  work.     At  this  place  we  will,  however,  touch  upon  one  or 
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two  points  in  ccjinicction  with  nicthuds  of  teaching.  Our  observa- 
tion of  what  the  world  wants  to-day,  not  only  in  the  field  and  work 
of  testing  engineers,  but  also  in  almost  every  other  field,  is  men 
who  can  think;  men  with  minds  so  trained  and  so  fitted  with  mental 
equipment,  that  when  unexpectedly  and  for  the  first  time  put  in 
presence  of  a  combination  of  circumstances,  where  action  is 
necessary,  they  will  know  what  to  do  and  Ikjw  to  do  it.  This 
may  look  like  a  very  severe  dictum  to  apply  to  recent  graduates, 
with  their  limited  experience  and  small  accumulation  of  facts,  and 
yet  we  cannot  help  feeling  that  in  some  degree  this  dictum  may 
legitimately  be  applied  even  to  them,  and  that  if  they  have  been 
properly  trained  by  the  schools  they  will  show  in  some  measure 
a  capacity  for  meeting  unexpected  and  unforseen  emergencies. 
lUit  it  may  be  asked,  what  teaching  and  what  training  leads  to 
the  development  of  this  capacity?  We  answer,  that  while  it  is 
undoubtedly  true  that  the  mental  characteristics  of  the  student 
himself  are  a  most  important  factor,  and  that  it  is  clearly  impossible 
to  make  thinkers  of  every  student  in  the  class,  yet  as  we  understand 
the  matter,  that  teaching  which  brings  out  and  keeps  prominent 
before  the  mind  of  the  student  the  principles  underlying  the  theme 
which  is  under  consideration,  be  the  subject  of  study  whatever  it 
may,  rather  than  that  teaching  which  fills  the  mind  of  the  student 
with  methods,  with  manipulation,  and  with  accumulated  informa- 
tion, embracing  a  taste  of  many  subjects,  will  have  a  tendency  to 
develop  the  kind  of  mind  we  are  looking  for.  A  somewhat  exten- 
sive acquaintance  with  recent  graduates  from  the  chemical  schools 
for  a  number  of  years  past,  has  led  us  to  fear  that  methods,  manipu- 
lation and  accumulated  information  were  given  undue  prominence, 
and  that  principles  and  reasons  why  were  not  sufficiently  insisted 
upon.  We  are  clearly  of  the  opinion  that  the  schools  truly  desire 
to  furnish  what  is  wanted,  and  that  the  situation  as  we  seem  to 
find  it,  is  due  to  the  effort  on  the  part  of  the  schools  to  turn  out 
their  graduates,  fitted  to  at  once  begin  to  earn  a  livelihood  or  per- 
chance to  take  charge  of  independent  work.  We  are  compelled 
to  say  that,  while  the  motive  seems  praiseworthy,  and  a  legitimate 
yielding  to  the  demands  of  the  times,  we  cannot  help  feeling  that 
many  a  graduate  will,  under  such  tutelage,  fail  to  reach  the  success 
which,  with  a  different  method,  would  have  been  legitimately  in  his 
grasp. 

Perhaps    an    illustration    will    make    clear    the    difference    in 
rnethods  of  teaching  which  we  have  in  mind.     Not  long  ago  we 
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separately  asked  three  recent  graduates,  each  one  from  a  different, 
entirely  reputable  school,  why  nitric  acid  is  used  to  dissolve  steel, 
when  one  is  going  to  determine  the  phosphorus.  Why  not  use 
some  other  acid  just  as  well?  Two  of  the  three  replied  that  they 
supposed  that  nitric  acid  was  a  good  solvent  for  steel,  and  they 
knew  of  no  reason  why  any  other  acid  that  would  dissolve  the  steel 
would  not  do  as  well.  The  third  answered  that  in  order  to  take 
the  next  step  in  the  process,  it  was  essential  that  the  phosphorus 
should  exist  as  ortho-phosphoric  acid,  and  that  nitric  acid  being 
an  oxidizing  agent  would  bring  the  phosphorus  to  that  condition. 
Now  each  of  these  three  recent  graduates  knew  how  to  determine 
phosphorus  in  steel,  and  as  a  matter  of  fact  each  of  them  had  done 
it  in  an  entirely  acceptable  manner  and  under  check  for  six  months 
or  more  in  my  own  laboratory.  All  three  of  them  were  familiar 
with  the  method  and  with  the  manipulation.  But  as  we  look  at 
it  only  one  of  them  had  been  properly  taught.  He  not  only  knew 
the  method  and  the  manipulation,  but  he  also  knew  the  reasons 
why,  and  the  principles  underlying  the  method.  One  of  my 
assistants  put  the  matter  very  forcibly.  He  said :  'The  chemist 
who  knows  methods  and  manipulation  gets  along  swimminglv  as 
long  as  everything  goes  w^ell,  and  perliaps  turns  out  more  work 
in  a  day  than  a  thinking  chemist  who  understands  the  reason  whv 
for  very  step  in  his  analysis,  but  let  a  difficulty  arise,  and  your 
method  chemist  is  absolutely  lost." 

There  is  another  phase  of  this  case  which  is  perhaps  worthv 
of  a  moment's  notice.  Given  two  young  men  of  equal  abilitv.  and 
let  both  of  them  go  through  good  technical  schools,  both  grad- 
uating as  chemists,  or  as  mining,  mechanical,  civil  or  electrical 
engineers.  The  one  during  his  course  of  study  has  covered  much 
ground,  has  stored  his  mind  with  facts,  has  learned  carefully,  and 
well,  the  methods  and  manipulation  required  in  the  branch  chosen. 
The  other  has  not  covered  so  much  ground,  but  every  bit  of  infor- 
mation that  he  has  he  thoroughly  understands ;  he  has  acquiretl 
principles  rather  than  a  large  array  of  facts,  and  he  knows  the 
reason  why.  Let  now  these  two  begin  work  after  graduation  in 
the  same  place,  and  we  are  ready  to  confess  that  the  former  will 
make  the  best  showing,  and  progress  the  more  rapidly  for  the  hrst 
year  or  two,  but  if  our  observation  is  worth  anything,  the  latter 
will  distance  his  competitor  at  the  end  ^f  ten  years. 

The  mental  equipment  which  the  schools  furnish  is  only  a  frac- 
tion of  that  needed  by  the  Testing  Engineer,  es]x^cially  if  he  hap- 
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[x-ns  to  have  U  as  Ins  Ikld  of  work  tu  (k'l\'ii(l  tlic-  iiUiTcsls  of  a  ^reat 
(.•oiisunicr.  1 1  is  Icgitimalc  and  reasonably  to  ht  expected  that 
the  schools  should  teach  a  yonns^'  man  how  to  learn,  and  shcnild 
start  him  in  a  nunrbcr  of  subjects;  but  his  real  education  comes 
later.  We  often  say  to  our  youni^  men  that  the  two  things  that  a 
recent  graduate  needs  most  are  exix^ricnce  and  acquaintance. 
l"^nder  the  head  of  experience,  we  comprehend  the  arranging  of 
the  information  already  acquired,  so  that  each  i)art  will  have  its 
due,  and  only  its  due  prominence,  the  accuinulation  of  additional 
information,  either  by  reading,  by  close  and  continuous  study  of 
his  main  theme  or  related  branches — we  fancy  it  almost  goes 
without  saying  that  the  man  who  expects  to  reach  even  moderate 
sucess  as  a  Testing"  Engineer,  must  study  harder  the  first  five  or 
ten  years  after  graduation,  than  he  did  at  any  time  while  in  school — 
we  say  a  man  must  accumulate  experience  by  arranging  the  infor- 
mation already  acquired,  by  reading,  by  study,  and  actual  contact 
with  industrial  processes,  and  with  the  world's  work,  in  every 
possible  detail,  and  above  all,  a  man  must  acquire  experience  by 
actual  wrestling  with  problems  that  may  be  committed  to  his  care. 
It  is  apparently  not  essential,  in  order  to  gain  experience,  that  one 
should  successfully  solve  his  problems.  Faraday  was  accustomed 
to  say  that  he  actually  learned  more  by  his  failures,  than  from  his 
successes.  We  cannot,  we  think,  too  emphatically  insist  on  the 
importance  to  the  Testing  Engineer,  of  self-education,  of  the  broad- 
ening of  his  field  of  knowledge  and  of  the  acquisition  of  facts.  The 
Testing  Engineer  should  be  an  omnivorous  student.  Nothing 
too  trivial  to  interest  him,  nothing  too  remote  from  his  present 
line  of  work  to  make  a  legitimate  demand  on  his  attention  shoukl 
opportunity  ofifer.  The  schools,  if  they  have  done  their  duty, 
have  given  you  a  more  or  less  trained  mind,  and  have  taught  you 
how  to  learn.  It  is  your  own  fault  if  you  do  not  broaden  every 
day.  You  can  never  tell  what  moment  you  will  need,  and  badly 
need,  some  out  of  the  way  fact.  Store  them  up  against  that  time  of 
need. 

A  brief  illustration  will  perhaps  emphasize  the  importance  to 
the  Testing  Engineer  of  familiarity  with  the  minute  details  of  in- 
dustrial processes.  A  couple  of  years  ago,  while  the  finishing  cut 
was  being  taken  on  a  steel  driving  axle  in  a  lathe,  the  operator 
noticed  in  the  freshly  cut  surface  what  appeared  to  be  a  small  flaw. 
On  testing  this  with  a  pin,  the  pin  disappeared,  and  quite  a  length 
of  fine  wire  followed  it.     (In  taking  out  a  transverse    slice   of    the 
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axle  at  this  point,  a  cavity  was  found  in  the  metal  which  would 
hold  half  a  pint  or  more.  The  walls  of  the  cavity  were  perfectly 
clean  and  bright,  and  but  for  the  fact  that  the  finishing  cut  just 
happened  to  open  up  the  cavity  a  trifle,  its  presence  would  not 
have  been  suspected,  and  the  axle  would  have  gone  into  service. 
It  is  perhaps  safe  to  say  that  one-quarter  or  possibly  one-third  of 
the  cross  sectional  area  of  the  axle  was  embraced  in  the  cavity. 
We  have  seen  a  number  of  such  cases,  and  unfortuniately  the 
phenomenon  is  not  too  rare.  Almost  any  practical  steel  maker, 
when  asked  for  the  cause  of  such  a  cavity  in  what  is  apparently  a 
solid  piece  of  metal,  would  probably  laconically  answer,  "careless 
heater."  In  order  to  understand  this  statement,  it  is  necessary 
to  say  that  many  driving  axles  even  when  they  are  finished  are 
^about  eleven  inches  in  diameter,  and  that  the  bloom  from  which 
they  are  forged  is  considerably  larger.  If  now  such  a  bloom  when 
cold  is  put  into  a  hot  furnace,  the  outside  layers  get  hot  long  before 
the  inside  has  begun  to  raise  much  in  temperature.  A  severe 
strain,  due  to  the  greater  expansion  of  the  outside  layers,  is  accord- 
ingly set  up,  which  strain  is  enough  occasionally  to  actually  rup- 
ture the  inside.  Subsequent  forging  opens  out  this  rupture  into 
a  cavity.  The  rupture  is  usually  accompanied  by  a  noise  like  a 
pistol  shot.  The  unfortunate  part  of  the  business  is  that  there 
being  a  number  of  blooms  in  the  furnace  at  one  time,  it  is  impossible 
to  tell  which  one  has  yielded  to  the  strain.  As  would  be  expected, 
the  larger  the  axle  the  more  common  this  defect,  and  we  know 
of  one  large  railroad  that  bores  a  two-inch  hole  through  every  axle 
over  eight  inches  in  diameter  thai  is  destined  for  passenger  serv- 
ice. The  boring  of  the  hole  enables  the  cavity  to  be  discovered, 
either  by  the  behavior  of  the  drill,  or  by  sight  examinations  after 
the  hole  is  finished.  It  is  interesting  to  know  that  something  over 
two  per  cent,  of  all  axles  bored  arc  defective  in  this  wa\-. 

One  or  two  points  more,  and  we  have  finished.  It  may  seem 
an  itlle  question,  hut  it  is  certain! v  an  interesting  one.  as  to  which 
of  the  three  kinds  of  Testing  l-jigineers  has  the  nu)st  attractive 
field  of  work.  The  unattached  testing  engineer  certainly  has  the 
greatest  freedom,  but  at  the  same  lime  the  least  stimulus.  The 
producer's  Testing  Engineer  undouhtetily  has  the  best  financial 
reward,  but  at  the  same  time  the  narrower  field.  1  le  has,  how- 
ever, the  advantage  of  concentration,  and  as  almost  every  modern 
industry  has  scores  of  unsolved  problems  connectetl  with  it.  there 
is  no  reason,  if  he  will  work,  why  he  should  not  achieve  a  great 
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success.  (Jn  llif  fillicr  hand,  ilu'  coiisunicr's  Testing  Engineer 
has  iinquestionabl)'  the  broader  tichl,  the  greater  chance  for 
initiative,  and  perhaps  more  important  than  all,  an  opportunity  to 
study  the  behavior  of  materials  in  actual  service.  This  last  item 
gives  him  a  great  advantage.  The  behavior  in  service  is  unques- 
tionably the  ultimate  criterion  by  which  every  industrial  product 
must  be  judged,  and  by  whose  decision,  sooner  or  later,  it  must 
stand  or  fall.  Undoubtedly,  individual  characteristics  are  a 
legitimate  element  in  the  choice,  but  our  counsel  would  be  to  ev'ery 
ambitious  Testing  Engineer,  to  get  as  near  to  the  service  as  pos- 
sible, and  to  this  end  to  make  some  sacrifices  if  necessary,  to  se- 
cure a  position  with  a  consumer. 

And  this  brings  us  to  another  point.  We  have  many  times 
heard  complaints  of  the  dullness  and  unsatisfactoriness  of  spending 
one's  days  and  weeks  in  making  routine  tests.  We  are  com- 
pelled to  say  that  we  do  not  understand  this.  It  is  one  of  our 
sincere  regrets  that  we  are  no  longer  able  to  do  routine  work.  To 
us  there  is  genuine  pleasure  in  seeing  how  the  test  comes  out  in 
each  individual  case,  although  we  may  have  performed  the  same 
operation  over  and  over  again.  Moreover,  there  is  scarcely  a 
method  in  use  to-day,  either  in  chemical  or  physical  testing,  that  is 
not  capable  of  improvement,  either  in  accuracy  or  speed,  or  both, 
and  what  better  opportunity  for  suggestions  could  be  desired  than 
is  furnished  while  the  hands  are  busy  doing  that  which  from  long 
practice  they  do  almost  automatically,  and  wuth  the  attention 
necessarily  directed  to  the  subject  in  hand,  leaving  the  mind  almost 
free  to  dwell  on  possible  changes  leading  to  progress.  Some  of 
our  very  best  thoughts  have  come  to  us  while  engaged  in  routine 
work.  One  is  very  near  to  Nature's  heart  when  making  tests, 
even  routine  tests,  and  if  his  mind  at  such  times  is  alert  and  recep- 
tive she  will  not  infrequently  give  him  a  hint  or  disclose  a  fraction 
of  some,  of  her  secrets  to  his  view. 

There  is  one  more  phase  of  the  work  of  the  Testing.  Engineer 
which  will  perhaps  bear  a  few  words,  and  that  is  the  relation  be- 
tween the  Testing  Engineer  and  those  whose  material  he  is  testing. 
This  is  unquestionably  a  delicate  subject,  one  that  we  would  all 
gladly  feel  did  not  need  discussion  or  comment,  and  yet  one  that 
is  constantly  thrusting  itself  into  prominence,  in  some  form. 
Eor  the -honor  of  human  nature,  it  is  gratifying  to  be  able  to  put 
on  record  that  during  nearly  thirty  years  of  almost  constant  test- 
ing, only  once  have  direct  financial  consideration  been  urged  upon 
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us  to  influence  our  verdict  in  regard  to  material.  On  the  other 
hand,  we  have  heard  representatives  of  entirely  reputable  business 
organizations  say  openly,  "It  costs  us  something  to  sell  our  goods, 
and  it  is  entirely  immaterial  to  us  whether  this  money  goes  to  our 
selling  agents,  or  to  the  representatives  of  the  consumers."  And 
this  is  not  the  worst  phase  of  the  matter.  It  is  well  known  that 
the  representatives  of  consumers,  who  act  in  some  sense  in  the 
capacity  of  Testing  Engineers,  in  that  their  opinion  or  decision 
determines  the  placing  of  orders,  not  only  accept  substantial 
considerations  from  producers,  but  even  demand  them,  if  not 
openly,  at  least  indirectly.  The  subject  is  one  of  which'  much 
might  be  said.  An  hour  could  readily  be  filled  in  narrating  inci- 
dents and  portraying  the  forms  in  which  the  hydra-headed  mon- 
ster, graft,  manifests  itself.  We  are  confident  that  neither  side  is 
free  from  blame :  we  are  equally  confident  that  strict,  open  honesty 
is  the  only  safe  course.  It  may  not  be  amiss  to  add  that  so  insidi- 
ous are  the  forms  in  which  this  evil  manifests  itself,  that,  in  the 
word  of  the  Scripture,  they  would  at  times  deceive  the  very  elect, 
and  while  it  is  not  possible  to  discuss  these  matters,  without  raising 
interminable  questions  of  casuistry  and  metaphysics,  it  is  possible 
to  so  act  as  to  have  the  continuous  approval  of  a  good,  clean  con- 
science. No  universal  rule  can  be  given.  Each  one  in  a  sense 
must  be  a  law  unto  himself.  Perhaps  the  best  every-day  working 
rule  for  young  Testing  Engineers  is,  do  nothing  you  would  not  be 
willing  to  talk  over  with  your  employer,  even  in  the  presence  of 
the  other  party.  It  is  sometimes  a  bit  hard  to  resist  and  say 
"no,"  but  of  one  thing  be  sure — every  departure  from  strict  integ- 
rity will,  sooner  or  later,  return  to  plague  you,  and  should  your 
actions  ultimately  result  in  your  downfall,  from  none  will  you  get 
less  sympathy  than  frc^ni  those  who  may  have  contributed  to  your 
disaster. 
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A  TESTING  CIRCUIT  FOR  ALTERNATING-CURRENT  WATTMETERS 
II.  B.  TAYLOR 

AN  iinp(jrUiiit  test  in  the  calibration  of  wattmeters  is  the 
(letennination  of  their  accuracy  in  measuring  loads  hav- 
ing low  power-factors.  The  circuit  which  is  intended 
to  be  used  in  testing-  wattmeters  should  be  arranged  so  that  the 
meter  being  tested  can  be  compared  at  low  power-factors  with  a 
standartl  which  is  known  to  be  correct  at  all  power-factors. 

INDUCTIVE   LOAD 

Fairly  satisfactory  tests  can  be  made  by  using  choke  coils 
or  some  other  load  having  a  low  power-factor,  but  to  load  in  that 
way  over  a  wide  range  of  current  and  have  a  reasonable  control 
over  the  power-factor  of  any  given  load  is  not  easy,  even  when 
the  power-factor  need  not  be  lower  than  0.6  or  0.7  and  would 
usually  be  practicable  only  for  lagging  currents. 

LOW  POWER-FACTOR  CONDITIONS  FROM  POLVPHASE  CIRCUIT 

When  a  polyphase  circuit  is  available  a  better  plan  can  be 
followed.  The  meter  can  be  tested  under  conditions  of  low  pow- 
er-factor without  the  use  of  a  load  which  would  actually  produce 
that  condition  on  the  line.  The  view  in  Fig.  i  and  the  diagram 
of  connections  in  Fig.  2  show  an  arrangement  which  has  been 
used  on  experimental  work  covering  complete  data  on  wattmeters 
and  also  on  various  polyphase  tests. 

CHOICE  OF  CIRCUITS 

In  the  method  here  given  a  three-wire  circuit  is  used.  The 
power  supplied  may  be  either  two-phase  or  three-phase.  There 
is  little  choice  betv^een  them  as  far  as  convenience  is  concerned. 
One  point  worth  considering  when  a  machine  is  to  be  selected 
for  this  work,  as  when  a  small  rotary  converter  or  motor-gener- 
ator is  to  be  installed  for  testing  wattmeters  exclusively,  is  that 
a  three-phase  line  can  be  run  to  the  test  circuit  directly  from  the 
machine,  while  if  a  two-phase  machine  with  closed-coil  winding 
is  used  it  is  necessary  to  put  a  transformer  in  at  least  one  phase 
in  order  that  the  two  phases  can  be  combined  on  the  three-wire 
circuit.  By  referring  to  the  diagram  it  can  be  seen  that  the 
series  coils  of  the  wattmeters  are  connected  in  the  middle  line  of 
the  circuit  and  there  is  a  lamp  board  in  each  of  the  other  sides. 
A  smaller  auxiliary  lamp  board  with  adjustable  resistances  and 


THE  STANDARDIZING  LABORATORY 


625 


switches  arranged  for  series  or  multiple  connection  of  lamps  can 
be  connected  to  either  of  the  main  lamp  boards.  Current  is  sup- 
plied to  the  shunt  circuit  through  a  two-point  plug  which  fits  any 
two  of  the  points  in  the  three-point  receptacle.  This  plug  is 
connected  to  the  testing  circuits  by  means  of  flexible  leads  and 
can  be  used  as  a  reversing  switch.  The  three  points  of  the  recep- 
tacle connect  to  the  three  sides  of  the  main  line. 

INDUCTION   REGULATOR 

A  similar  plug  and  receptacle  are  provided  for  switching  on 
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the  primary  of  an  induction  regulator.  This  regulator  is  made 
on  the  same  principle  as  the  Stillwell  regulator,  but  has  its  sec- 
ondary winding  on  a  drum  which  can  be  revolved  through  a 
semi-circle.  This  gives  gradual  changes  from  maximum  sec- 
ondary voltage  in  one  direction  to  maximum  in  the  opposite  di- 
rection. It  is  used  as  a  voltage  regulator  or  as  a  phase-shifter, 
depending  on  whether  the  primary  is  connected  to  the  same 
phase  as  the  meter  shunts  or  to  another  phase. 

TRANSFORMERS 

A  small  transformer  with  taps  for  various  voltages  is  placed 
on  the  shunt  circuit.     This  can  be  an  auto-transformer,  but  is 
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preferably  one  with  separate  primary  and  secondary  windings. 
The  objection  to  the  auto-transformer  or  to  omitting  the  trans- 
former entirely  is  that  there  would  then  be  more  opportunity  for 
short-circuits  by  bringing  the  wrong  end  of  the  shunt  circuit 
into  contact  with  the  series  circuit  when  not  carefully  handled. 
The  series  auto-transformer  is  put  in  simply  to  economize  power 
in  testing  heavy  current  meters.  A  small  current  in  the  lamp 
boards  will  gi\-e  a  heavy  current  in  the  series  coils.  This  trans- 
former is  cut  in  or  out  by  means  of  the  plug  switches  and  is  used 
only  when  the  current  required  is  more  than  ten  amperes. 

PHASE  RELATIONS  ; 

Wlitli  the  series  current  all  passing  through  one  lanfp  boa'^d 
and  the.'shunt"  plugged  in- oa-^the  pair  of^jCv'ir^s  jhat  supplv  the 
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FIG.    2 — CONNECTIONS   OF    WATT-METER    TEST    TABLE 

same  lamp  board,  the  connection  is  the  same  as  on  any  single- 
phase  circuit.  The  calibration  at  what  may  be  considered  unity 
power-factor  is  made  with  this  connection  using  a  bank  of  in- 
candescent lamps  as  load.  The  actual  power-factor  is  between 
0.997  ^"d  0.998.  If  the  circuit  is  two-phase,  a  power-factor  ap- 
proximately zero  can  be  obtained  b}-  connecting  the  shunt  cir- 
cuit to  the  second  phase,  lca^'ing  the  series  circuit  as  it  was.     To 


THE  STANDARDIZING  LABORATORY  627 

one  not  familiar  with  wattmeters  it  might  seem  that  a  test  at 
zero  power-factor  would  be  so  far  from  a  practical  working 
condition  as  to  be  of  little  interest.  As  a  matter  of  fact  the 
performance  of  a  wattmeter  at  zero  power-factor  is  a  very  reli- 
able indication  as  to  what  it  will  do  at  power-factors  between 
that  and  unity.  It  is,  moreover,  a  simple  test  to  make  as  there  is 
no  necessity  for  reading  voltage  or  current  accurately. 

Integrating  induction  wattmeters,  which  are  always  pro- 
vided with  a  device  for  adjusting  to  low  power- factors,  can  be 
adjusted  with  much  greater  facility  at  zero  power- factor  than  at 

any  other,  because  they  do  not  have 
to  be  "timed."  The  usual  adjustment 
is  to  make  the  disc  stand  still  when 
the  standard  reads  zero  at  an  appar- 
ent load  about  equal  to  the  full  rated 
load.  If  the  load  is  on  the  side  indi- 
cated by  the  letters  BC,  (Fig.  2)  and 
-'.— -  :^~^'^^-C.' — -^^  the  shunt  plug  is  connected  to  B'  C 
^  the     power-factor     is     about     unity. 

Transferring     the     plug     to     A'    B' 
FIG.  3  gives    about    zero    power-factor.     To 

make  the  power-factor  exactly  zero,  a  little  current  from  the 
same  phase  as  the  shunt  can  be  obtained  with  the  series,  cur- 
rent BC  to  produce  a  resultant  in  quadrature  with  the  voltage 
A'  B' .  The  small  lamp  board  is  connected  to  the  AB  side  for 
this  purpose.  If  the  difference  in  phase  between  shunt  voltage 
and  series  current  is  greater  than  ninety  degrees  a  proper  adjust- 
ment of  current  in  the  small  lamp  board  will  give  the  required 
result.  If  less  than  ninety  degrees  any  current  in  the  small 
lamp  board  will  raise  the  power-factor  instead  of  lowering  it. 
In  that  e\ent  it  is  necessary  to  reverse  one  phase  of  the  main  cir- 
cuit. This  is  shown  graphically  in  Fig.  3.  The  phase  relation 
between  shunt  voltage  and  the  current  in  the  lamp  board  BC  is 
shown  by  the  lines  E  and  Ibc.  The  angle  of  lag  of  Ibc.  behin<l 
E  being  more  than  ninety  degrees,  some  current.  I.\r.  combined 
with  Irc.  will  give  a  resultant  current,  1.  in  quadrature  with  T-I. 
If  liic  lagged  less  than  ninety  degrees  bchintl  E,  the  addition  of 
any  current  in  the  direction  of  Iat.  would  reduce  the  angle  still 
further,  therel)_\  increasing  the  power-factor.  To  illustrate  the 
latter  point,  the  current  /',  with  less  than  ninety  degrees  lag,  is 
combined  with  Tab.     The   projection   of    E  upon    the  resultant  cur- 
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rent  vector  is  greater  than  ui)()n  /'.  Reversing  /'  gives  it  the 
position  /"  in  which  it  readily  combines  with  a  current  in  the 
direction  Iab  to  produce  a  resultant  in  quadrature  with  E.  On 
first  glance  at  the  diagram,  this  looks  like  a  change  from  lagging 
to  leading  cui-rent,  but  the  adjustment  is  required  only  at  zero 
power-factor,  where  there  is  no  difference  between  lag  and  lead. 
If  there  are  special  conditions  making  it  necessary  to  consider 
direction  of  current,  E  can  be  reversed  at  the  shunt  plug  without 
changing  Iab. 

Loads  at  any  power-factor,  lagging  or  leading  current,  can  be 
obtained  by  varying  the  proportion  of  lamps  on  the  two  boards. 
The  diagram,  Fig.  2.  shows  only  one  regulating  resistance,  which 


FIG.  4 


can  be  put  in  either  phase.  It  should  always  be  in  the  same  phase 
as  the  shunt  circuit,  as  that  is  where  it  gives  the  maximum  regu- 
lation of  true  load.  In  adjusting  this  regulating  resistance  to 
keep  the  reading  of  the  standard  wattmeter  constant  as  the  line 
voltage  varies  slight  changes  in  the  power-factor  are  introduced 
on  account  of  the  component  in  the  other  phase  not  being 
changed  in  the  same  proportion  at  the  same  time.  It  is  not 
worth  while  to  attempt  to  regulate  both  phases  as  there  is  no 
object  in  measuring  the  power-factor  with  the  degree  of  accuracy- 
required  in  measuring  the  true  load. 
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THREE-PHASE  CIRCUIT 

With  a  three-phase  circuit  the  various  power-factors  are  ob- 
tained in  a  similar  way.  For  zero  power-factor  the  load  is  about 
equally  divided  between  the  two  lamp  boards  and  the  shunt  cur- 
rent is  supplied  from  the  outside  lines.  Fig.  4  shows  this  con- 
nection. Eac^  Ebc  and  Eba  represent  the  phase  relations  of 
voltages.  Ibc  and  Ida  are  the  current  vectors  for  lamp  boards 
BC  and  BA  respectively.  Their  resultant,  I,  will  be  in  quadra- 
ture with  Eac  when  they  are  about  equal.  By  increasing  one 
and  decreasing  the  other,  the  direction  of  I  can  be  changed  to 
take  any  position  between  them,  the  total  angle  being  about 
sixty  degrees.  This  corresponds  to  a  range  of  power-factor 
from  zero  to  0.5  both  ways  or  from  sixty  degrees  lead  when  the 
load  is  all  on  BA  to  sixty  degrees  lag  when  it  is  all  on  BC.  For 
power-factors  above  0.5  the  shunt  is  plugged  on  Ebc,  or  Eac.  Un- 
der the  conditions  of  series  current  shown  in  Fig.  4,  such  a 
change  in  phase  of  shunt  voltage  would  change  the  power-factor 
from  zero  to  about  86.6.  If  the  load  is  all  on  one  lamp  board  and 
the  shunts  are  fed  from  the  same  phase  as  the  other  lamp  board, 
the  power-factor  is  again  0.5,  but  any  combination  of  currents 
from  the  two  phases  gives  a  higher  power-factor.  For  example, 
the  shunts  may  be  plugged  in  Ebc  while  the  current  is  all  on 
lamp  board  BA.  The  angle  of  lag  is  sixty  degrees  or  the  power- 
factor  0.5.  Gradually  shifting  the  load  from  BA  to  BC  changes 
the  power-factor  through  successive  steps  until,  when  it  is  all  on 
BC,  the  power-factor  is  unity. 

The  use  of  the  induction  regulator  in  adjusting  the  phase  re- 
lation of  the  shunt  and  series  currents  has  not  been  mentioned. 
It  is  not  an  essential  part  of  the  equipment,  Init  affords  a  means 
of  quickly  making  comparatively  small  adjustments  in  i)liase  and 
voltage  of  the  shunt  circuit. 

The  series  auto-transformer  and  the  plug  switches  in  the 
series  circuit  also  are  special.  I'he  shunt  plug  switch  is  only  a 
slight  modification  of  a  standard  plug.  Instead  of  the  auto-trans- 
former, provision  can  be  made  for  coimecting  in  a  regular  series 
transformer  when  hea\y  current  is  required.  'J'hese  work  \  ery 
well  through  a  low  resistance  such  as  the  series  coils  of  two  or 
three  heavy  current  wattmeters.  The  extra  lino  for  the  shunt  cir- 
cuit is  necessary  only  on  special  work,  \vhere  an  entirel}'  inde- 
pendent line  is  required.     It   can   he   put    to  convenient   use  on 
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tests  requiring"  frc(jiicnt  chanj;cs  from  one  hxed  voltage  to  an- 
other, by  connecting  it  to  give  the  recjuired  ratio  to  line  voltage. 
Changing"  the  plug  from  one  receptacle  to  the  other  is  easier  than 
changing"  the  connections  to  transformer  taps  each  time. 

The  binding-posts  for  connections  in  parallel  with  the  lamp 
boards  are  convenient  when  the  load  has  to  be  increased  beyond 
that  which  can  be  obtained  with  the  lamps,  and  also  for  putting  in 
any  special  load.  As  the  two  lamp  boards  have  a  permanent  com- 
mon connection  on  one  side,  a  single  "wdre  connected  between  the 
opposite  sides  puts  them  in  parallel.  All  of  the  lamps  in  l)oih 
lamp  boards  are  then  available  for  single-phase  tests,  Ijut  the 
outside  switches  must  not  both  be  closed  at  the  same  time. 
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NOTES  ON  THEIR  CONSTRUCTION,  PERFORMANCE  AND  OPERATION 
P.  M.  LINCOLN 

CONSTRUCTION  (Continued) 

Collectors — The  collector  rings  are  built  up  on  a  separate 
spicier  and  bolted  to  the  end  of  the  field  hub.  The  spider  hub  is 
faced  ofif  for  this  purpose  and  lugs  left  at  proper  places  on  the  col- 
lector so  that  it  may  be  firmly  bolted  to  the  faced-off  hub.  The  col- 
lector is  of  the  open  type,  to  secure  a  maximum  ventilation.  The 
rings  are  usually  composed  of  cast  iron.  Carbon  brushes  are  used. 
These,  in  connection  with  the  cast  iron  rings,  form  a  combination 
that  has  in  the  past  given  most  excellent  results.  A  typical  collector 
is  shown  in  Fig.  ii. 

Balance — Electrical  balance  is 
secured  by  making  the  field  run 
central  with  the  stationary  part.  If 
the  field  is  out  of  center  an  electri- 
cal unbalance  must  necessarily  take 
place,  which  manifests  itself,  de- 
pending upon  the  type  of  winding 
in  the  stationary  element,  either  in 
a  side  pull  toward  the  point  where 
the  air  gap  is  a  minimum,  or  else 
in  an  excess  of  current  in  the  arm- 
ature windings  on  the  side  which 
runs  nearer  the  poles.  In  the  lar- 
ter  case  there  is  practically  no 
magnetic  side  pull.  This  condition 
depends  upon    whether   the    arma- 

.       ,.  .  ,,.     1  .  FIG.    II — STTDER   TYl'IC   COr.LECTOK 

ture  windmg  is  multiple  or  series. 

If  series,  a  side  pull  takes  place  with  the  armature  out  of  center,  and 
the  shaft  should  always  be  designed  to  be  amply  strong  uiulor  a  ilis- 
placement  of  0.03  incii. 

Air  Gap — ^l"he  air  gap  of  alternators  is  cUiscly  relaUnl  lo  the 
])erformancc  and  other  characteristics  of  the  machine.  The  greater 
the  number  of  poles,  other  things  being  equal,  the  smaller  the  air 
gap.  Consequently  for  slow-speed  and  high-frequency  machines 
the  air  gap  may  become  quite  small,  and  on  the  contrary,  for  low- 
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frequency,  high-speed  machines,  such  as  turbo-generators,  the  air 
gap  becomes  very  large.  The  air  gap  is  a  function  of  the  number 
of  ampere  turns  per  poU-  in  (lie  armature  and  the  greater  the  num- 
ber of  poles,  other  things  being  equal,  the  smaller  the  number  of 
ampere  turns  per  pole  and  consequently  the  smaller  the  air  gap. 

Slots  and  Teeth — In  the  design  of  slots  and  teeth  there  are 
two  opposing  requirements.  An  open  slot  allows  cheapness  in  manu- 
facture and  ease  in  repair  as  the  coils  may  be  wound  on  a  form 
and  put  in  the  slots  complete.  The  partially  closed  slot  is  more 
difficult  an<l  expensive  to  manufacture  but  it  secures  a  slightly  high- 
er efficiency  by  preventing  the  '"tufting"  of  the  lines  of  force. 

I'ig.  12  illustrates  wliat  is  meant  by  the  term  tufting  of  lines. 
\\'hen  the  air  gap  is  small  and  the  width  of  teeth  relatively  large, 
a  condition  similar  to  B  is  obtained.  Practically  all  of  the  magnetic 
lines  issue  from  the  armature  at  the  ends  of  the  teeth.     If  there 


is  not  sufficient  room  between  the  ends  of  the  teeth  and  the  pole 
for  these  tufts  of  magnetic  lines  to  unite  in  a  practically  continuous 
belt  as  in  A,  they  will  enter  the  pole  face  in  the  tufted  condition. 

If  the  conditions  are  as  in  B,  there  will  be  a  marked  difference 
between  the  strength  of  field  opposite  a  tooth  and  that  between  teeth. 
These  teeth,  moving-  rapidly  across  the  ix)le  face,  produce  rapid 
changes  in  field  strength  at  the  pole  face.  Since  both  the  hysteresis 
and  eddy  current  loss  in  iron  increase  with  the  rate  of  change  of 
magnetic  field,  it  follows  that  with  magnetic  condition  similar  to 
B  an  undue  amount  of  loss  will  take  place  in  the  pole  face.  The 
partially  closed  slot  shown  at  C,  avoids  the  tufting  and  there- 
fore the  undue  losses  when  the  air  gap  is  small  compared  to  the 
width  of  tooth.  With  relative  dimensions  approximately  as  shown 
in  A,  the  necessity  for  partially  closed  slots  does  not  obtain.  In  the 
great  majority  of  alternators,  however,  dimensions  are  such  that  the 
partially  closed  slot  makes  a  very  material  decrease  in  the  losses. 
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Also  by  the  use  of  partially  closed  slot,  the  liability  of  objec- 
tionable noise  is  greatly  decreased. 

The  use  of  a  partially  closed  slot  necessarily  involves  the  use  of 
either  hand  winding  or  a  'shoved-through"  type  of  winding. 
In  the  first  case  the  wire  for  winding  the  armature  coil  is  pushed 
through  the  slot  back  and  forth  over  properly  placed  forms  until 
the  winding  is  complete.  A  partial  winding  thus  made  is  shown 
in  Fig.  13.  The  shoved-through  type  may  be  again  logically  di- 
vided into  bar  winding  and  wire  winding.     In  the  bar  winding  only 


FIG.    13 — METHOD   OF    WINDING    HAND-FORMED   ARMATURE 
COILS 

a  single  bar  is  used  per  slot  and  each  end  of  this  bar  is  joined  to 
another  under  an  adjacent  pole  by  a  properly  formed  end  connector. 
A  well  known  example  of  this  type  of  winding  may  be  found  in  the 
5  000  hp  generators  of  the  Niagara  Falls  Power  Company.  In  the 
wire  winding  an  entire  coil  is  wound  up  in  a  properly  shaped  mould 
and  then  cut  open  at  one  end.  The  cut  ends  are  then  straightened 
out  and  shoved  through  the  proper  slots  until  the  coil  is  in  position, 
after  which  they  are  again  joined  together.  The  terminals  of  each 
coil   are.   of  cour.se,   connected   to  other   coils   to   form   a   properly 
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grou])e(l  vvindiiii^.     I'igs.  14  and   15  show  a  shovcd-through  type  of 
winding  in  a  partially  completed  state. 

Ventilation — The  proper  ventilation  of  any  electrical  machine 
is  one  of  the  most  important  elements  of  its  design.  In  every  elec- 
trical machine  losses  necessarily  take  place.  These  losses  appear 
as  heat.  The  accumulation  of  heat  raises  the  temperature,  the 
alternator  begins  to  radiate  its  heat  to  the  surrounding  air.  The 
higher  the  temperature  the  faster  the  radiation,  and  the  temperature 
keeps  on  rising  until  the  rate  of  radiation  is  equal  to  the  rate  of 
production  of  heat.     The  rate  of  radiation  depends  on  ventilation 


FIG.     14 — METHOD    OF    WINDING    SHOVED    THROUGH    ARMATURE    COILS 

as  well  as  upon  the  temperature  elevation.  It  follows,  therefore, 
that  with  given  losses  the  temperature  elevation  will  be  smaller 
with  good  ventilation  than  with  poor.  In  other  words,  with  good 
ventilation  a  greater  output  can  be  secured  with  the  same  materials, 
the  temperature  being  the  same. 

A  method  of  ventilation  often  used  is  shown  in  Fig.  16.  The 
air  is  entrapped  by  ventilating  ducts  in  the  revolving  parts  and  is 
forced  outward  by  centrifugal  action.  The  ducts  in  the  rotating 
part  are  made  to  register  as  closely  as  possible  with  those  in  the 
stationary  part ;  consequently,  the  air  from  the  ducts  in  the  rotating 
part  is  forced  through  them  and  then  through  the  registering  ducts 
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in  the  stationary  element.     From  the  back  of  these  ducts  it  escapes 

through  openings  in 
the  cast  iron  frame. 
It  is  highly  important 
that  this  matter  of 
ventilation  be  closely 
studied  and  means 
provided  to  carry  off 
the  heat  in  the  most 
efficient  manner  pos- 
sible. 

PVm  ding — When 
the  first  polyphase  ma- 
chines were  brought 
out  a  winding  was 
used  that  was  practi- 
cally the  same  as  a 
winding  for  a  direct- 
current  machine,  taps 
being  made  at  the 
proper  points  to  se- 
cure  the    phase    rela- 

-DETAIL    OF    ARMATURE    BEING     WOUND     WITH  tioUS    dcsircd.      TlllS    IS 

SHOVED  THROUGH  COILS  illustrated    in    A    and 

B,  Fig.  A  being  the  two-phase  and  B  the  three-phase  arrange- 
ment. This  is  the  so-called  "clos- 
ed" type  of  winding.  Modern 
alternators  are  almost  universal- 
ly of  the  "open"  type  winding, 
diagrammatically  illustrated  in 
C  and  D,  Fig.  17,  C  being  the 
three-phase  and  D  the  two-phase 
arrangement.  The  two-phase 
open  windings  arc  normally  in- 
sulated from  each  other  with- 
in the  machine,  but  may  be 
connected  if  desired.  By  con- 
necting" the  two  center  points  a 
voltage  across  the  terminals  may         fig.    16— cross-section   through 

.  ,  ,     .         ,  ,      ^     .  r    .1      ',  FIELD     AND     ARMATURE,     SHOWING 

be    obtained,    that  is  0.7  of  that         ventilating  ducts 


FIG.     15- 
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across  each  phase.  'J^iis  is  often  useful  for  startin^^  inckiction  mo- 
tors at  a  reduced  voltaj^e.  I'.y  conncctinj^^  the  outside  ends  of  the 
two  phases  of  an  open  coil  winding  together  a  three-wire  phase  sys- 
tem may  be  operated. 

Voltage — The  standard  windings  of  modern  alternators  are 
for  220,  440,  I  100,  2  200,  6  600,  1 1  000  and  13  200  volts.  For  wind- 
ings of  6600  volts  and  above  the  questions  of  insulation  and  ven- 
tilation make  it  necessary  both  to  increase  the  length  of  the  ma- 
chine over  that  for  2  200  volts  and  below,  and  also  to  decrease  the 


FIG.    17 

output  somewhat,  the  amount  of  material  on  the  machine  being 
otherwise  equal.  Other  voltages  may  be  obtained,  but  they  are 
usually  special. 

Phase  and  Frequency — Standard  alternators  are  made  for  fre- 
quencies of  25  and  60  cycles  per  second  and  for  single-phase,  two- 
phase  or  three-phase  operation.  Other  frequencies  may  be  obtained 
if  desired,  but  such  machines  must  be  regarded  as  special. 

Insulation  Tests — The  test  which  is  most  useful  and  should 
be  most  often  applied  is  the  measurement  of  the  insulation  resist- 
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ance  between  the  armature  winding  and  the  core,  and  between  the 
field  coils  and  the  frame.  This  resistance  measurement  will  give  an 
indication  of  the  average  condition  of  the  insulation  as  regards 
moisture  and  dirt,  but  will  not  in  general  detect  weak  spots.  The 
higher  the  resistance  the  better  the  general  condition  of  the  insulat- 
ing material.  As  an  approximate  figure,  one  megohm  per  thou- 
sand volts  of  rated  e.m.f.  when  the  machine  is  warm  may  be  taken 
as  indicating  a  fairly  satisfactory  condition  of  the  machine  in  the 
armature  of  the  generator.  The  field  will  easily  have  a  much  high- 
er insulation  resistance  in  proportion  to  the  e.m.f.  of  the  exciting- 
current  and  will  in  general  give  little  trouble.  It  must  be  remem- 
bered that  since  large  armatures  have  much  greater  areas  of  insula- 
tion, their  insulation  resistance  Vv^ill  be  proportionally  lower  than 
that  of  small  machines.  Even  if  the  insulating  material  is  in  exact- 
ly the  same  condition,  the  insulation  resistance  of  any  machine  will 
be  found  to  be  much  lower  when  hot  than  when  cold.  The  figure  of 
one  megohm  per  thousand  volts  of  rated  e.m.f.  applies  to  machines 
at  full-load  temperature. 

The  only  feasible  way  of  increasing  the  insulation  resistance 
when  the  machine  is  complete  is  by  "drying  out."  Armature  wind- 
ings and  field  coils  are  dried  out  by  heat.  Baking  in  an  oven  is  to 
be  preferred,  but  is  often  impracticable.  They  are  commonly  heated 
by  the  passage  of  current  through  them.  The  armature  may  be 
dried  out  by  short-circuiting  the  leads  and  running  the  generator 
with  a  low  field  charge,  just  sufficient  to  produce  the  proper  cur- 
rent. There  is  always  danger  of  overheating  the  windings  when 
drying  them  with  current,  as  the  inner  parts  which  cannot  quickly 
dissipate  the  heat  generated  in  them  and  which  cannot  be  exam- 
ined may  become  dangerously  hot,  while  the  more  accessible  and 
the  more  easily  cooled  portions  are  still  at  a  comparatively  moderate 
temperature.  Several  hours  or  often  days  may  be  required  to  dry 
out  machines,  especially  thost  of  large  size.  Large  field  coils  dry 
very  slowly. 

Insulation  resistance  is  conveniently  measured  by  means  of  a 
high  resistance  voltmeter  and  a  direct  current.  The  voltmeter 
should  be  connected  in  series  with  the  insulation  resistance  to  be 

measured.  The  insulation  resistance  =  R  X  ,  where  c,  is  the  ob- 

e 

served  voltage,  V  the  voltage  of  the  line,  and  R  the  resistance  i^f  the 
voltmeter.  Another  test  used  to  determine  the  strength  of  insula- 
tion of  a  machine  is  inade  by  subjecting  the  insulating  material  to 
Jin  e.m.f.  greater  than  it  will  have  to  stand  in  actual  service.     The 
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test  is  of  the  nature  of  an  over-Ujad  and  must  be  applied  with  great 
caution.  It  should  discover  the  presence  of  any  weak  spots.  These 
tests  are  always  made  in  the  factory  on  the  completion  of  other 
tests  and  rarely  need  be  repeated.  When  made  away  from  the  fac- 
tory, it  is  well  to  bear  in  mind  that  the  insulation  is  more  easily 
broken  down  when  hot  than  when  cold,  and  that  the  test  should  not 
be  made  until  after  the  machine  has  been  thoroughly  dried  out. 
Tests  of  this  character  should  not  be  made  when  the  insulation  re- 
sistance is  low. 

Large  machines,  when  tested  at  high  voltage,  will  require  a  con- 
siderable output  from  the  raising  transformer  as  a  charging  current 
flowing  to  the  machine  being  tested  might  overheat  a  small  trans- 
former. The  transformer  capacity  required  for  testing  varies  as 
the  square  of  the  voltage  of  the  test,  as  the  frequency  of  the  circuit 
and  as  the  static  capacity  of  the  apparatus  under  test.  A  5  kw 
transformer  has  sufficient  output  for  testing  machines  up  to  500  kw 
at  a  testing  voltage  of  6  000. 

When  making  a  high  voltage  test  the  current  should  be  thrown 
on  and  ofif  by  opening  and  closing  the  low  tension  circuit. 

The  severity  of  the  test  depends  in  a  marked  degree  upon  the 
time  the  e.m.f.  is  applied.  A  test  continued  for  a  minute  is  much 
more  severe  than  the  same  test  applied  for  one  or  two  seconds  only. 
Unless  otherwise  stated,  all  break-down  tests  should  be  applied 
only  momentarily,  as  a  long  continued  test  is  liable  to  cause  perma- 
nent injury  to  the  insulation  even  if  no  immediate  fault  is  developed. 

PERFORMANCE 

The  performance  of  alternators  will  be  considered  under  the 
following  heads :  Regulation,  Efficiency,  Temperature,  Capacity, 
Power-factor  and  Rating. 

Regulation — By  the  term  regulation  is  usually  meant  the  per 
cent  rise  in  voltage  that  will  take  place  when  full-load  at  unity  power- 
factor  is  thrown  ofif  the  alternator,  the  speed  and  field  current  re- 
maining constant.  Other  definitions  consider  the  drop  in  voltage 
with  load  thrown  on,  field  current  remaining  constant,  the  increase 
in  field  current  with  load  thrown  on  voltage  remaining  constant  and 
the  decrease  in  field  current  with  load  thrown  off,  voltage  remaining 
constant,  speed  always  remaining  constant.  Power-factor  is  assumed 
as  100  per  cent,  or  if  it  is  otherwise  a  specific  power-factor  is  stated. 
The  first  definition  is  the  one  assumed  unless  otherwise  stated.  The 
regulation  of  the  e.  m.  f.  of  an  alternator  is  an  important  element  for 
a  satisfactory  service.    Efficiency  afifects  the  cost  of  power ;  tempera- 
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ture  affects  the  life  of  a  machine ;  speed  and  frequency  are  deter- 
mined once  for  all  and  affect  the  engineering  of  a  jjlant ;  but  regula- 
tion aft'ects  the  customer. 

The  e.  m.  f.  of  a  generator  depends  upon  the  speed  and  upon 
the  field  current,  but  even  when  these  are  constant  there  is  a  decrease 
in  e.  m.  f.  as  a  generator  is  loaded,  due  to  three  causes, — the  resist- 
ance of  the  armature  windings,  the  self-induction  of  the  armature, 
and  the  demagnetizing  effect  of  the  current  in  the  armature  wind- 
ings. In  well  designed  machines  the  resistance  has  a  negligible  ef- 
fect, the  self-induction  is  of  small  consequence  and  the  demagnetiz- 
ing effect  is  the  principal  cause  of  drop  in  e.  m.  f. 

Self-induction — The  coils  in  an  armature  act  as  a  choke  coil  in 
lowering  the  e.  m.  f.  when  current  flows  through  them.  The  self- 
induction  depends  upon  the  number  of  turns  of  wire  and  upon  the  ar- 
rangement or  distribution  of  these  turns.  If  the  turns  are  placed 
in  coils  of,  say  ten  turns  per  coil,  then  the  magnetic  lines  which  are  set 
up  by  the  current  in  each  turn  tend  to  pass  through  all  ten  turns.  If 
the  ten  turns  be  separated  and  placed  in  separate  slots,  then  the  mag- 
netic field  set  up  by  the  current  in  each  turn  passes  almost  entirely 
through  that  turn  alone  and  has  little  eft'ect  upon  the  other  turns.  The 
choking  effect  resulting  from  the  self-induction  depends  upon  the 
magnetic  flux  through  the  turns,  and  is  therefore  much  less  when 
the  turns  are  separate  than  when  they  are  combined  into  coils  hav- 
ing a  larger  number  of  turns.  This  is  one  reason  that  alternating- 
current  generators  are  wound  with  as  many  slots  as  practicable.  The 
old  toothed  armature  machines  had  but  one  slot  per  field  pole  and  the 
regulation  was  comparatively  poor. 

The  self-induction  in  an  armature  produces  a  greater  drop  the 
greater  the  lagging  of  the  current;  i.  e.,  the  lower  the  power-factor 
of  the  load. 

Dcnia(^)icti,zini^  Effect— The  e.  m.  f.  induced  in  an  armature  coil 
depends  upon  the  actual  magnetic  flux  through  the  coil.  This  mag- 
netic flux  is  produced  mainly  by  the  field  current,  but  partly  by  the 
armature  current.  Tf  the  field  current  be  constant,  then  the  resulting 
magnetization  and  consequently  the  c.  m.  f.  will  depend  upon  the  ef- 
fect of  the  armature  current.  The  latter  eft'ect  will  increase  as  the 
current  increases,  and  depends  also  upon  the  position  of  the  arma- 
ture coils  at  the  time  when  the  maximum  current  flows.  The  indi- 
vidual coils  on  an  armature  are  connected  into  groups,  equal  in  num- 
ber to  the  number  of  field  poles.  When  a  current  passes  through 
the  armature  winding,  the  current  in  each  group  of  coils  flows  around 
a  common  center  and  produces  a  magnetization  which  is  alternately 
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positive  and  nc<::ativc  in  the  cfMisccutivc  gronj)  of  coils.  If  tlie  tinie 
of  maximum  flow  of  the  alternating  current  occurs  when  the  arma- 
ture coils  (i.  c.,  groups  of  coils)  are  midway  between  the  field  poles, 
lluii  the  magnetic  lines  extend  out  into  space  between  the  fields  and 
neither  increase  nor  decrease  the  magnetization  from  the  fields.  If  the 
maximum  current  flows  when  the  armature  coils  are  directly  in  front 
of  a  field  i)ole,  the  magnetization  will  be  increased  if  the  direction  of 
the  armature  current  is  the  same  as  that  of  the  field  current,  and  vice 
versa.  It  is  evident,  therefore,  that  a  current  in  phase  with  the  e.  m.  f. 
has  little  efifect  in  reaction  upon  the  field,  but  that  a  current  which 
lags  or  leads  90  degrees  is  in  the  position  to  give  a  maximum  effect 
in  decreasing  or  increasing  the  magnetization  and  the  e.  m.  f.  of  the 
machine.  A  current  which  lags  less  than  90  degrees  can  be  resolved 
into  two  currents,  i.  e.,  is  equivalent  to  two  currents,  one  of  which  is 
in  phase  witli  the  e.  m.  f.  and  the  other  at  right  angles  to  it.  The 
regulation  of  the  generator  is  therefore  determined  in  a  very  large 
degree  by  the  lagging  component  of  the  current.  A  leading  current 
may  be  considered  in  the  same  way,  the  regulation  of  the  machine 
depending  almost  entirely  upon  the  leading  component  of  the  actual 
current. 

There  is  a  direct  relation  between  the  power-factor  of  the  load 
(or  the  ratio  between  the  apparent  output  of  a  machine  and  the  true 
output  in  power)  and  the  lagging  of  the  current  behind  the  e.  m.  f. 
The  relations  between  the  power-factor,  the  lag  of  current  behind 
e.  m.  f.  and  the  demagnetizing  effect  of  the  armature  current  upon 
the  field  (presuming  it  to  have  a  maximum  of  100)  are : 

Power-Factor 
o  per  cent. 

71  per  cent. 

80  per  cent. 

85  per  cent. 

90  per  cent. 

95  per  cent. 
100  per  cent. 

It  will  be  seen  that  a  power-factor  of  95  per  cent  causes  a  de- 
magnetizing effect  equal  to  about  one-third  of  the  maximum  which  is 
possible. 

When  a  machine  delivers  lagging  current  the  demagnetizing  ef- 
fect of  the  armature  current  must  be  counter-balanced  by  increasing 
the  current  through  the  field  if  the  e.  m.  f.  is  to  be  held  constant.  This 


Demagnetizing 

Lag 

Effect 

90  degrees 

100 

45  degrees 

71 

37  degrees 

60 

32  degrees 

53 

25  degrees 

44 

18  degrees 

31 

0  degrees 

0 
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may  be  done  by  hand,  by  a  compensating  winding  or  by  an  automatic 
regulator,  such  as  the  Tirrill  regulator. 

Polyphase  and  Single-Phase  Alternators — For  a  given  regula- 
tion the  capacity  of  an  alternator  operated  single-phase  is  less  than  its 
capacity  operated  polyphase  in  approximately  the  ratio  of  seven  to 
ten.  This  statement  is  general  and  applies  to  three-phase  as  well  as 
two-phase  alternators.  Further,  this  difiference  is  one  which  is  in- 
herent. The  impression  exists  that  a  given  size  of  alternator  can  be 
designed  for  as  large  an  output  single-phase  as  polyphase.  This  is 
not  true.  For  a  given  regulation  the  output  that  can  be  obtained 
from  a  given  size  of  single-phase  alternator  is  only  about  seven-tenths 
of  that  which  can  be  obtained  from  the  same  size  of  polyphase  alter- 
nator. For  a  given  regulation  therefore,  the  weight  of  a  single-phase 
alternator  is  40  to  50  per  cent  greater  than  that  of  a  two  or  three- 
phase  alternator  of  the  same  capacity. 

(To  he  continued.) 
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RUDOLPH     WINTZER 

DURING  the  last  five  years  several  large  central  stations  have 
been  established  in  Europe  using  producer  gas  engines. 
The  largest  power  plant  using  producer-gas  is  located  in 
Madrid,  Spain,  furnishing  light  and  power  to  the  entire  community. 
It  is  equipped  with  six  i  250  kw  (2000  hp)  Nurnburg  gas  engine 
alternators  operating  in  parallel,  supplied  by  a  Mond  producer  gas 
system  using  low-grade  slack  coal.  The  gas-engine  is  used  to  a 
very  great  extent  with  suction  producers,  in  water  pumping  stations 
for  small  cities  and  counties,  especially  in  Western  Germany. 
"Braunkohle"  (corresponding  to  our  peat)  and  lignite  in  the  form 
of  briquettes  is  largely  used  in  these  small  plants  and  with  excellent 
results. 

The  greatest  development  of  the  gas  engine  on  the  continent 
has  taken  place  in  connection  with  blast  furnaces  and  the  coaling 
industry  where  the  waste  gas  from  furnaces  and  coke  ovens  are 
largely  used  for  power.  A  large  enterprise  of  this  character  is  now 
being  carried  out  near  Essen  in  Rheinland.  Essen  is  the  Pittsburgh 
of  Germany.  Within  a  radius  of  forty  miles  occur  most  of  the 
largest  coal  mines  and  iron  and  steel  w^orks  of  that  country.  Most 
of  the  existing  central  stations  in  the  district  have  been  acquired  by 
the  steel  syndicate,  which  is  erecting  large  central  stations  driven  by 
blast-furnace  and  coke-oven  gas  to  furnish  this  whole  industrial 
section  with  electricity  for  lighting,  power  and  traction.  Some  cus- 
tomers in  the  territory  have  requisitioned  as  high  as  several  thou- 
sand horse  power.  These  central  stations  will  be  erected  at  the  va- 
rious steel  mills  and  mines,  and  will  all  work  in  parallel. 

Typical  gas  power  stations  using  blast-furnace  gas,  are  now 
working  at  the  following  plants :  John  Cockerill  Company,  Seriang, 
Belgium,  3  000  kw ;  United  Iron  and  Steel  Works  at  Iloerder, 
Westfalia,  3  500  kw ;  Schalker  Iron  and  Steel  Works,  Gelsenkirehen,. 
4  000  kw  ;  Rompacher  Iron  Works,  3  000  kw.  A  typical  plant  driven 
by  coke-oven  gas  is  located  at  Eschweiler  mines  at  Alsdorf,  where  a 
central  station  of  2  800  kw  is  in  service,  using  Otto  coke  ovens  with 
recovery  of  by-products.  This  plant  furnishes  current  for  driving 
3  000  hp  main  hoisting  engines,  pumps,  fans,  compressers,  coal- 
washing  plants,  etc.,  and  for  electric  traction  service  in  the  neighbor- 
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hood.  No  steam  is  used  in  these  works,  and  a  producer  plant  is 
available  as  a  reserve  in  case  of  necessary  shutting  down  of  the 
coke  ovens.  In  a  short  time  this  plant  will  work  in  parallel  through 
a  long  high-tension  transmission  with  an  hydraulic  plant  forty  or 
fifty  miles  distant,  installed  by  the  Ruhr  River  Hydraulic  Develop- 
ment Company. 

While  formerly  the  practice  was  to  drive  large  rolling  mills  di- 
rectly with  large  gas  engines,  the  present  practice  is  rapidly  tending 
to  motor-driven  rolls,  supplied  with  power  from  a  central  station. 

At  DifTerdingen,  in  the  steel  and  coal  works  of  the  Germany 
and  Luxemburgh  Steel  &  jMining  Company,  it  has  been  found  by 
careful  experiments  that  for  every  i  ooo  hp  maximum  required  at 
the  main  rolling-mill  with  engine-driven  rolls,  only  6oo  hp  capacity 
is  required  at  a  central  station.  A  number  of  units  are  provided, 
giving  flexibility  of  service,  and  forty  per  cent  is  made  on  the  first 
■cost  of  the  gas-engines  installed. 

TYPES  OF  GAS  ENGINES  IN  USE 

For  large  work  three  types  are  represented,  namely: 

I — The  four-cycle,  double-acting  tandem  engines  of  Nurn- 
"burg,  Deutz  and  Cockerill. 

2 — The  two-cycle,  double-acting  Koerting  type. 

3 — The  two-cycle,  double-acting  opposed,  Oechelhauser  engine. 

Of  these  three  types,  the  four-cycle  type  has  become  standard- 
ized for  general  power  station  work,  while  the  two-cycle  types  have 
found  their  most  extensive  application  to  blast  furnace  work.  Four- 
cycle tandem  engines  are  operating  up  to  2000  hp;  that  is,  i  000  hp 
per  cylinder.  Two-cycle  engines  have  also  been  built  from  750  to 
I  000  hp  per  cylinder.  Comparing  the  constructions  of  the  three 
types  for  i  000  kw  units,  it  is  found  that  the  four-cycle  engine  has 
one  connecting-rod  and  two  power  cylinders ;  the  Koerting  engine 
lias  two  connecting-rods,  two  power  cylinders,  four  compressor  syl- 
inders  of  nearly  the  same  diameter  and  two  side  connecting-rods; 
the  Oechelhauser  two-cycle  engine  has  a  six-throw  crank-shaft, 
four  bearings,  six  connecting  rods,  four  single-acting  pistons  and 
two  compressor  cylinders.  In  the  Koerting  engine  the  exhaust 
ports  in  the  cylinder  wall  are  uncovered  by  the  piston ;  in  the  Oechel- 
hauser engine  the  pistons  uncover  both  exhaust  and  air  ports  so  that 
no  valves  are  used.  This  elimination  of  valves  in  the  Oechelhauser 
and  Koerting  types  looks  at  first  sight  like  a  simplification,  but  in 
reality  it  involves  serious  complications  in  the  number  and  disposi- 
tion of  the  principal  working  parts. 
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European  practice  has  definitely  tended  toward  the  sinj^le-crank 
units,  and  tlie  horizontal  tandem,  douhle-acting  type  has  become  the 
standard  in  this  respect.  By  duplicating  the  tandem  arrangement, 
making  a  two-crank  engine,  the  economy  is  not  improved  and  the 
speed  variation  of  the  single-crank  type  is  found  to  be  close  enough 
for  alternating-current  work.  The  single-crank  units  give  far 
greater  Hcxibility  in  central  station  operation  ;  they  can  be  loaded 
more  economically,  and  there  is  more  opportunity  for  inspection  and 
repairs.  The  sizes  mose  frequently  used  are  i  ooo,  i  500  and 
2  000  hp. 

ELECTRICAL   OPERATION 

In  regard  to  the  electrical  specifications  for  gas-engine  work. 

Continental   firms  usually  specify  a  cyclical  fly-wheel   deviation  of 

J—  to  ^  the  pole  distance  in  engines  with  one  impulse  per  stroke. 
4U  6  0  ^  ^  .  .  . 

This  condition  can  easily  be  met  and  takes  into  consideration  occa- 
sional irregular  working.  In  a  500  hy  engine,  of  the  vertica 
double-acting  type  driving  spinning  machinery  at  the  Hollins  Mills, 
Marple,  a  cyclical  speed  variation  of  0.2  to  0.4  per  cent  was  obtained, 
which  was  increased  to  only  one  per  cent  when  one  cylinder  was 
made  to  misfire  regularly.  The  cyclic  speed  variation  was  taken 
with  a  very  sensitive  and  well  made  recording  tachometer.  It  is  a 
matter  of  interest  that  the  steam-engine,  which  formerly  did  the 
work  of  this  gas  engine,  showed  eight  per  cent  cyclic  variation,  and 
it  is  not  surprising  therefore  that  the  mill  tenders  had  less  trouble 
from  broken  threads  after  the  gas-engine  was  put  in  service. 
Troubles  from  parallel  operation  are  practically  unknown  in  engines 
above  i  000  hp  giving  two  impulses  per  revolution  and  25  cycles. 

A  type  of  alternator  in  general  favor  is  a  combined  fly-wheel 
and  generator  field  in  one  structure,  with  the  fly-wheel  rim  outside 
the  rotating  field.  With  the  usual  speed  of  periphery  of  field,  this 
permits  a  high  fly-wheel  speed  with  a  short  distance  between  the 
bearings  and  good  accessibility. 

FUELS 

In  Germany,  the  cost  of  hard  coal  is  $5.50  to  $6.50  per  metric 
ton  (2  220  pounds),  according  to  facilities  of  transportation.  Good 
bituminous  coal  costs  $3.50  to  $5.50  per  ton  delivered  at  the  plant. 
On  a  small  scale,  anthracite  is  largely  used,  but  in  very  large  plants, 
such  as  that  of  Madrid,  low-grade  bituminous  coal  is  mostly  used. 
The  Mond  Producer  system  has  greatly  enlarged  the  possibilities  of 
low-grade  bituminous  fuels. 
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ECONOMY 

With  blast-furnace  gas  the  i  ooo  hp  engines  at  Rombach  and 
Ruhrort  have  shown  a  heat  consumption  as  low  as  9  300  b.t.u. 
per  brake  horse  power  hour  at  full-load,  and  12000  at  half-load, 
using  the  lower  or  effective  heat  value  of  the  gas.  High-grade 
Mond  gas-plants  in  England  have  shown  economies  of  i.i  to  1.2 
pounds  of  slack  coal  per  brake  horse  power  hour,  including  all 
standby  losses  for  the  balance  of  a  lo-hour  working  day.  In  this 
particular  the  producer  has  a  very  large  advantage  over  steam,  and 
especially  superheated  steam  plants,  as  the  standby  losses  are  almost 
negligible.  At  a  large  European  iron  and  steel  works  at  Essen, 
extensive  tests  w'ere  made  to  ascertain  the  standby  losses  on  the 
steam-piping  system  which  was  in  fair  condition  and  completely 
lagged.  With  no  steam  used  for  driving  engines  it  was  found 
necessary,  in  order  to  maintain  normal  pressure,  to  keep  twenty  180 
hp  boilers  under  full  fire. 

In  well  constructed  horizontal  gas  engine  plants  the  oil  con- 
sumption is  no  higher  than  in  a  corresponding  steam  engine  plant. 
For  instance,  a  i  000  hp  tandem  gas  engine  requires  on  an  average 
of  35  to  40  lb.  of  oil  (4.75  to  5.25  U.  S.  gal.)  per  24  hours,  60  per 
cent  being  cylinder  oil  at  35  cents  per  gallon,  40  per  cent  being  en- 
gine oil  at  20  cents  per  gallon. 

COST  OF  EUROPEAN   PLANT 

For  a  2  000  hp  high-grade  gas  engine  plant  the  distribution  of 
cost  should  be  about  as  follows : 

Dollars  per  brake  horse  power 

Gas  engines $30.00 

Foundations 2.20 

Auxiliaries 0.80 

Building 4.00 

Piping  and  engine  outfit 3.00 

Electrical  outfit 14.00 

Gas  producer  plant 14.00 

Producer  house 1.50 

Total $69.50 

or  very  nearly  $100  per  kilowatt.  About  a  year  ago  high-grade  gas 
engines  sold  for  about  $25  per  brake  horse  power.  The  present 
prices  are  somewhat  higher.  For  hi-gh-grade  steam  engines  using 
superheated  steam  the  cost  is  about  the  same,  $25  per  brake  horse 
power. 


A  PECULIAR  STATIC  TROUBLE 

U.    ]>.    JACKSON 

A  FEW  cases  have  been  noticed  recently  where  static  disturb- 
ances having  no  connection  with  hghtning  have  caused 
trouble  and  damage.  A  typical  instance  was  that  of  two 
6600  volt  generators  delivering  ixnver  to  a  transmission  line  through 
delta-connected  transformers  having  a  ratio  of  6600  to  66000.  It 
was  found  that  when  a  ground  occurred  on  one  leg  of  the  transmis- 
sion line  static  disturbances  and  breakdown  of  the  insulation  oc- 
curred on  the  generators.  The  probable  key  to  the  cause  of  this 
action  is  furnished  by  an  investigation  of  the  static  conditions  pre- 
vailing in  the  circuit. 

The  two  windings  of  a  transformer  act  as  the  two  plates  of  a 
condenser.  This  will  be  readily  appreciated  if  it  is  remembered  that 
when  a  single  terminal  of  a  transformer  is  connected  to  a  high-ten- 
sion circuit,  the  other  terminal  being  idle,  there  appears  a  difference 
of  potential  between  the  second  coil  of  the  transformer  and  the  earth. 
This  is  due  to  the  fact  that  one  winding  of  the  transformer  by  being 
connected  to  the  high-tension  circuit  has  its  potential  rapidly  chang- 
ed from  positive  to  negative.  Consequently,  the  other  coil  of  the 
transformer,  which  acts  as  the  second  plate  of  the  condenser,  has  in- 
duced upon  it  a  charge  alternately  positive  and  negative,  which  may 
give  a  spark  to  ground. 

If  the  one  coil  of  a  transformer  has  its  two  ends  connected  to 
the  two  wires  of  a  high-tension  circuit,  then  the  average  potential 
of  the  primary  winding  will  be  the  mean  of  the  potential  of  its  two 
terminals.  If  these  two  terminals  are  alternately  positive  and  nega- 
tive and  these  potentials  are  symmetrical  with  respect  to  the  earth 
and  if  the  positive  value  of  the  one  is  equal  to  the  negative  value  of 
the  other,  then  the  potential  of  the  coil  is  zero,  and  consequently  no 
charge  appears  upon  the  second  coil,  provided  the  windings  are  sym- 
metrically related.  If,  however,  one  terminal  of  the  circuit  be 
grounded,  then  the  average  potential  of  the  primary  is  equal  to  half 
the  voltage  of  the  circuit  and  a  charge  will  appear  upon  the  second- 
ary winding.  If  the  secondary  winding  of  the  transformer  is  con- 
nected to  an  insulated  circuit,  such,  for  example,  as  the  armature  of 
a  generator,  then  this  whole  circuit  will  be  subject  to  an  alternating 
static  charge,  provided  one  terminal  of  the  high-tension  winding  is 
grounded.     The   potential   difference  between  this   circuit  and   the 
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ground  will  depend  upon  the  numerical  relation  of  the  capacity  be- 
tween the  high-tension  and  the  low-tension  windings  of  the  trans- 
former to  the  capacity  between  the  insulated  circuit,  including  the 
high-tension  windings,  the  generator  armature  and  the  earth. 

In  the  case  of  a  three-phase  circuit  the  same  general  principles 
apply  with  some  modifications.  Three  delta-connected  transform- 
ers well  insulated  from  ground  may  be  represented  by  a  triangle  ro- 
tating about  its  center  as  shown  in  Fig.  i.  The  horizontal  line  rep- 
resents zero  or  ground  potential.  Thus,  part  of  the  transformer 
windings  will  be  seen  to  be  charged  to  a  positive  potential  and  part 
to  a  negative.  The  numerical  value  of  the  potential  at  any  point  is 
proportional  to  the  distance  of  that  point  from  the  neutral  line  at 
that  particuler  instant.  As  charges  are  proportional  to  the  product 
of  static  capacity  and  potential  it  will  be  found  by  multiplying  each 
element  of  the  windings  by  its  distance  from  the  neutral  line  and 
adding  the  products  that  the  negative  and  positive  charges  are  al- 


FIG.    I 


-IG.   3 


ways  equal.  As  the  phases  of  the  three  transformers  change  the 
triangle  rotates  but  the  charges  remain  fixed  in  relation  to  the  neu- 
tral line,  with  the  result  that  the  two  charges  actually  follow  each 
other  around  the  delta  in  a  manner  similar  to  the  north  and  south 
poles  of  an  induction  motor  due  to  its  rotating  magnetic  field.  As 
in  this  case  the  two  charges  are  always  equal  no  current  has  to  be 
supplied  from  ground 

This  is  not  the  case  when  a  point  in  the  delta  becomes  partially 
grounded  as,  for  example,  through  a  very  high  resistance.  The 
condition  is  now  shown  by  Fig.  2.  The  trianj:::le  still  rotates  but  the 
center  of  rotation  is  displaced  toward  the  point  in  tlie  windings  at 


648  THE  ELECTRIC  JOURNAL 

which  the  partial  ground  exists.  The  positive  and  negative  charges 
on  the  windings  are  no  longer  equal,  however,  as  at  times  there  is 
more  positive  and  a  little  later  in  the  cycle  the  negative  charge  is 
the  greater.  The  result  is  that  an  alternating  charging  current  has 
to  be  supplied  through  the  partially  grounded  point. 

If  one  leg  of  the  transmission  line  becomes  solidly  grounded, 
the  condition  shown  in  Fig.  3  exists  in  which  the  triangle  is  rotating 
around  one  corner.  In  this  case  all  the  windings  become  alternate- 
ly positive  and  negative  in  relation  to  the  ground  and  if  each  ele- 
ment of  the  triangle  is  multiplied  by  its  average  distance  from  the 
neutral  line  and  the  products  added  as  before  the  charge  will  be 
found  to  be  4.5  times  as  great  as  each  of  the  charges  on  an  un- 
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grounded  system.     All  of  this  current  has  to  be  supplied  through 
the  grounded  point. 

Figure  4  shows  how  this  condition  may  cause  trouble.  The 
high  tension  windings  of  the  delta  receive  alternately  positive  and 
negative  charges  and  with  the  low-tension  windings  form  a  con- 
denser. The  generator  forms,  likewise,  a  condenser  between  its 
windings  and  the  iron.  These  two  condensers  are  in  series  between 
the  high  tension  windings  and  ground.  Two  condensers  in  series 
divide  their  potential  strains  inversely  as  their  capacities  and  as  the 
capacity  of  the  generator  windings  to  the  iron  is  generally  large  the 
corresponding  strain  on  the  insulation  may  not  be  great  enough  to 
puncture  it.  In  the  case  mentioned,  however,  one  generator 
was  feeding  a  bank  of  large  transformers  and  the  capacity  of  the 
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high  and  low  tension  windings  to  each  other  was  comparable  to 
that  of  the  generator  windings  to  ground.  Of  the  66odo  volts 
across  the  two  condensers  somewhere  near  half  could  be  across  that 
formed  by  the  generator  windings  and  its  iron.  Any  voltage  near 
30  000  volts  is  obviously  a  destructive  potential  for  apparatus  insu- 
lated for  6000  volts  and  the  result  would  be  a  puncture. 

A  step  down  transformer  on  a  transmission  line  will  be  subject 
to  strains  to  its  iron  and  case  but  if  oil  insulated  it  is  usually  better 
able  to  withstand  them  than  a  generator.  The  obvious  remedy  is 
to  ground  some  point,  preferably  the  neutral,  of  the  low  tension 
windings  as  indicated  by  the  dotted  lines  in  Fig.  4,  so  that  the  charg- 
ing current  can  be  supplied  directly.  It  is  not  necessary  that  this 
ground  should  be  a  complete  one  but  only  that  a  sufficiently  low  re- 
sistance be  inserted  between  some  point  of  the  windings  and  the 
ground  to  permit  the  charging  current  to  flow  without  a  large  rise 
of  potential. 

When  obscure  cases  of  insulation  break  downs  occur,  it  is 
well  to  look  for  possible  causes  analogous  to  the  one  here  described. 
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W.  H.  THOMPSON 

IFE  scries  transformer  for  use  in  connection  with  nieasur- 
ini^-  instruments  is  usually  a  very  insignificant  looking 
piece  of  apparatus.  The  output  is  small  and  the  wind- 
ings are  simple.  If,  however,  the  transformer  is  to  be  used  on 
a  high  pressure  circuit,  the  insulation  requirements  lead  to 
some  rather  remarkable  proportions. 

In  Fig.  I  is  shown  one  of  a  number  of  series  transformers 
recently  built  for  use  on  6oooo-volt  circuits.  The  total  height 
of  the  one  shown,  including  the  terminal,  is  eight 
feet,  and  its  capacity  is  40  watts.  The  ratio  is 
200  amperes  primary  and  five  amperes  secondary. 
These  transformers  are  insulated  to  withstand  a 
breakdown  test  of  120  000  volts  for  one  minute. 

The  diagram.  Fig.  2,  shows  the  method  of 
connecting  to  the  high  voltage  line.  A  small 
spark  gap  is  connected  between  the  primary  ter- 
minals to  act  as  a  protection  to  the  primary  line 
in  case  line  surges  should  occur,  which  might  in- 
jure the  internal  insulation  of  the  primary  coil. 
Under  normal  full-load  conditions  the  drop  be- 
tween the  primary  terminals  is  very  small,  and 
hence  there  is  no  necessity  for  much  insulation. 
They,  therefore,  are  brought  out  through  the 
same  insulating  tube  and  bushing.  As  may  be 
seen  in  Fig.  i  the  high  tension  bushing  is  of  ex- 
traordinary length.  This  is  necessary  in  order 
to  provide  surface  between  the  terminals  and  the 
cast  iron  cover  of  the  case.  The  bushing  ex- 
tends down  inside  the  case  about  the  same  dis- 
tance as  outside.  The  transformers  are  oil  cool- 
ed and  hold  about  52  gallons  of  oil.  The 
transformer  itself,  without  oil,  weighs  275 
pounds. 

In  some  cases  it  is  desirable  to  operate  both  meters  and  cir- 
cuit-breaker from  this  type  of  transformer.  In  such  cases  a 
transformer  with  separate  secondaries  is  provided,  as  shown  in 
Fig.   3.     This  is   done  because  the  variable  load  of  the  circuit- 
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breaker  affects  the  ratio  of  the  transformer  if  there  is  only  one  mag- 
netic circuit.  Transformers  of  this  type  with  two  secondaries  have 
been  constructed  for  the  Niagara,  Lockport  &  Ontario  Power  Com- 
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pany.  They  are  similar  in  appearance  to  the  one  shown  in  Fig.  i, 
except  that  the  case  is  taller  and  four  secondary  leads  are  brought 
out.     These  transformers  are  provided  with  one  primary  on  which 
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FIG.    3 


are  mounted  two  separate  magnetic  circuits,  one  for  each  secondary. 
This  arrangement  makes  the  two  secondaries  entirely  inde- 
pendent. 


MECHANICAL  SYNCHRONIZING 

H.  S.  BAKER 

SOMK  TIATE  ago  a  detailed  descrii)tion  of  an  automatic  syn- 
chronizer was  published  in  the  Journaf..* 
One  of  these  instruments  is  now  in  operation  in  connection 

with  the  rotary  converter  station  of  the  Syracuse  Rapid  Transit 
Company,  of  Syracuse,  New  York.  The  load  on  this  station,  being 
entirely  a  street  car  load,  is  extremely  variable  and  the  synchroniz- 
ing of  the  rotary  converters  by  hand  was  a  difficult  and  a  tedious 
matter,  often  taking  ten  or  fifteen  minutes  to  get  the  machines  par- 
allel and  switched  in  on  the  alternating-current  side.  The  synchro- 
nizing is  now  turned  over  to  a  simple  piece  of  apparatus  that  can  be 
said  to  know  accurately  the  difference  of  frequencies  of  the  incom- 
ing rotary  converter  and  the  bus-bars  and  also  exactly  when  syn- 
chronism occurs,  whereas  the  operator  who  had  previously  done  the 
same  work  had  to  depend  on  his  judgment  and  skill.  This  instru- 
ment is  provided  with  adjustments  whereby  the  maximum  difference 
of  frequency  at  which  the  main  switch  will  be  closed,  may  be  varied. 
The  length  of  time  before  synchronism  at  which  it  is  necessary 
for  the  instrument  contacts  to  close  in  order  that  the  main  switch 
will  be  closed  exactly  at  synchronism  may  be  varied  to  suit  the  time 
element  of  the  particular  switch  use.  One  synchronizer  is  provided 
for  a  number  of  machines,  but  a  separate  control  switch  is  ordina- 
rily provided  for  each  machine. 

The  accuracy  of  operation  of  this  automatic  synchronizer  is 
such  that  the  converter  can  safely  be  connected  to  the  bus- 
bars while  there  is  still  such  a  difference  of  frequencies  that  it  would 
be  dangerous  to  attempt  hand  closing  of  the  alternating-current 
switches.  Also  there  are  no  possible  safe  chances  to  close  the  alter- 
nating-current switches  which  are  lost,  due  to  indecision  or  lack  of 
nerve,  because  the  synchronizer  has  neither  of  these.  In  actual 
operation  with  the  synchronizer,  the  time  taken  from  stand  still  to 
the  closing  of  the  main  switches,  ynder  these  extremely  variable 
conditions,  is  from  one-half  to  two  minutes,  including  the  time  re- 
quired for  the  starting  motor  to  come  to  speed  instead  of  the  much 
longer  time  which  was  often  required  when  the  voltage  was  fluctuat- 
ing over  a  wide  range.  It  is  a  pleasure  to  watch  this  little  device 
do  with  precision  what  has  heretofore  been  done  by  guess. 


*See  The  Electric  Journal,  Vol.  II.,  Majs  1905,  p.  294. 


TESTING  LARGE  MOTORS,  GENERATORS  AND 
MOTOR-GENERATOR  SETS- HI 

INDUCTION  REGULATORS 
C.  J.  FAY 

INDUCTION  regulators  are  so  similar  in  their  electrical  design 
to  induction  motors  that  they  are  included  under  the  above 
heading.  As  nearly  all  large  induction  regulators  are  air- 
cooled  and  most  of  them  are  six-phase  double  delta-connected,  this 
is  the  type  that  will  be  considered.  The  tests  given  other  types  differ 
only  in  a  few  minor  details.  The  six-phase  regulators  are  usually  in- 
tended to  regulate  the  voltage  for  six-phase  rotary  converters  and  in 
testing  a  regulator  of  this  type  it  is  connected  up  to  the  converter 


iiduclion  Regulator 
Six-Phase 


with  which  it  is  to  run  or  with  one  of  the  same  kind.  The  converter 
is  run  inverted,  direct  current  being  supplied  at  a  voltage  such  as  to 
giving  the  required  alternating-current  six-phase  voltage  on  the  reg- 
ulator primary.  In  preparing  for  a  test  the  regulator  is  placed  near 
the  converter  and  connected  up  to  it.  A  motor-operated  fan  is  con- 
nected by  a  large  pipe  to  a  draft  box  upon  which  the  regulator  is 
placed.  This  draft  box  is  constructed  so  that  the  air  entering  from 
the  fan  is  forced  up  through  the  regulator  and  out  at  its  top. 

The  first  test,  as  in  nearly  all  machines,  is  the  measurement  of 
the  resistance  of  both  the  primary  and  secondary  windings.  After 
this  has  been  done  the  regulator  is  connected  up  to  the  rotary  con- 
verter through  two  alternating-current  testing  tables  as  shown  in 
Fig.  I.  The  three  leads  of  one  delta  are  connected  through  one  table 
and  the  other  three  leads  through  the  second  table.  A  known  bal- 
anced voltage  is  then  applied  from  the  converter  and  all  of  the  volt- 
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ago  coiiihiiiatiiiiis  possihK'  in  llu-  ri'criil.'ilor  arc  tested  f)Ut  to  sec  that 
the  windings  arc  correctly  connected  and  that  tlie  circuits  are  bal- 
anced. The  rotating  element  of  the  regulator  is  usually  i)laccd  at 
the  position  of  niaxinium  boost  during  this  test.  In  Fig.  2  and  Ta- 
bic I  arc  shown  the  scheme  of  connections  and  the  readings  taken  on 
a  six-phase  165  to  16  volt  double  delta-connected  regulator.  The 
secondaries  in  Fig.  2  are  shown  at  the  position  of  maximum  boost. 
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FIG.    2 

TABLE    I 

E.   m.   f.   applied  between   |     4_8,  4_I2,  8^12     j  ^^^   ^^j^^^ 

Resultant  e.  m.  f.  between 

Maximum.  Minimum.  Maximum. 

I —  9 194      volts 140.5  volts  1^2 17.5  volts 

1—5 194  "     142.5  3—4 17-4 

5—9 194  "     140.5      "  5—6 17-6 

3 —  7 194  "     142.5      "  7 — 8 17-6 

3— II 194  "     142.5      "  9—10 17-8 

7— II 194  "     I4I-S      "  II— 12 17-7 

2—5 174  "  I—  3 1 13-2 

6—9 175  "  3—  5 II3-2 

10—  1 176  "  5—7 1 13.2 

4—7 175  "  7—9 112.2 

8— II..  ....i7S  "  9— II 1 13.2 

12—  3 175  "  I— II II3-2 

I —  7 226.4  " 

3—  9 226.4  " 

5 — II 226.4  " 

Readings  for  iron  loss  and  saturation  curves  are  taken,  at  several 
different  voltages,  of  watts  and  amperes  in  each  of  the  two  three- 
phase  circuits  with  the  rotating  element  still  in  the  position  of  maxi- 
mum boost.  The  results  obtained  from  the  two  circuits  are  added 
together  and  plotted  in  the  form  of  curves,  volts  being  taken  as  ab- 
scissae and  watts  and  amperes  as  ordinates. 

Next  the  rotating  part  is  moved  to  the  position  of  minimum 
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boost  and  the  voltages  measured  across  the  secondaries.  Readings 
are  also  taken  at  full  voltage  of  the  iron  loss  and  saturation  in  this 
position. 


FIG.    3 


The  heat  run  is  made  with  full-load  current  in  the  secondary. 
The  primary  circuits  are  connected  in  double  star  aiid  the  secondary 


FIG.    4 


circuits  arc  short-circuited  on  each  ollur  in  two  sets  of  three  circuits 
per  set.  as  shown  in  Fig.  3.     With  this  coiuhination  the  current  re- 
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(|uirc(l  ill  i1k'  primary  to  £^ive  full-load  current  in  the  secondary  is 
more-  lU'.-uiy  c(|ual  to  the  full-load  current  under  normal  conditions 
llian  with  the  primaries  in  double  delta.  A  general  view  of  an  induc- 
tion regulator  under  test  is  shown  in  Fig.  4.  This  shows  the  six 
series  transformers  connected  in  the  secondary  circuits  for  measuring 
the  secondary  currents.  The  meter  leads  from  these  transformers 
arc  all  brought  to  a  plug  board  (shown  on  the  draft  box)  so  that 
one  meter  may  be  used  and  changed  from  one  circuit  to  another  by 
merely  plugging  in  the  desired  circuit. 

The  quantity  of  air  forced  through  the  regulator  is  measured  by 
passing  the  air  through  an  opening  in  a  diaphragm  in  the  draft  box 
and  measuring  the  pressure  on  each  side  of  the  diaphragm  by  the 
use  of  a  U-tube.  Then  if  A  is  the  area  in  square  feet  of  the  opening 
in  the  diaphragm  and  d  is  the  difference  in  pressure  in  inches  of 
water  on  the  two  sides  of  the  diaphragm  the  quantity  of  air  in  cubic 
feet  passing  through  the  opening  is  equal  to  2  400  A  \/d.  In  com- 
mercial testing  the  amount  of  air  pressure  to  use  is  usually  known 
from  previous  tests  and  the  test  conducted  with  this  assumed  press- 
ure and  the  amount  of  temperature  rise  noted.  This  will  usually  be 
a  normal  one.  On  new  types  or  sizes  of  machines  the  air  pressure 
is  assumed  and  then  if  the  heating  is  higher  or  lower  than  deemed  ad- 
visable the  air  pressure  is  changed  until  a  suitable  rise  is  obtained. 

The  rotating  elements  are  usually  operated  by  small  motors 
mounted  on  the  tops  of  the  regulators.  These  are  given  a  short  test 
in  addition  to  their  tests  as  motors  in  order  to  see  that  they  will  move 
the  secondaries  over  their  area  of  travel  satisfactorily. 


THE  VALLEJO,  BENICIA  &  NAPA 
VALLEY  RAILWAY 

GEORGE  T.    HEDRICK 

THE  Vallejo,  Bcnicia  &  Napa  Valley  Railway  is  the  pioneer 
single-phase  road  of  the  West,  having  been  in  successful 
operation  between  Napa  and  Vallejo  since  July  4th,  1905. 
The  town  of  Napa,  where  the  power  house  and  car  barns  are  located, 
is  forty-eight  miles  from  San  Francisco,  and  is  beautifully  situated 
in  one  of  the  finest  and  most  fertile  valleys  in  California.  The  rail- 
way runs  through  this  valley,  tapping  the  agricultural  and  industrial 
towns  along  the  line,  the  southern  terminus  being  the  town  of  Vallejo, 
where  steamer  connections  are  made  with  San  Francisco,  and  where 
is  located  the  Mare  Island  Navy  Yard.  The  northern  survey  has 
reached  St.  Helena,  eighteen  miles  north  of  Napa.  This  ])ortion  of 
the  road  will  be  rapidly  constructed  as  fast  as  material  can  be  pro- 
cured. Along  the  northern  end  there  are  numerous  summer  resorts 
and  mineral  springs,  and  the  vineyards  are  not  excelled  in  all  Cali- 
fornia. 

The  power  for  this  road  is  furnished  by  the  Bay  Counties  Power 
Company  over  the  longest  transmission  line  in  the  world,  and  is 
changed  from  60  to  25  cycle  current  by  two  motor-generator  sets, 
each  unit  consisting  of  a  585  hp,  three-phase,  2  20c  volt,  60-cyclo  ni- 
duction  motor  direct-connected  to  a  400  kw  two-phase.  25-cycle 
6  600  volt  generator  of  the  revolvitig  field  type. 

The  cars  are  all  equipped  with  multiple-unit  control.  There  are 
three  quadruple  equipments  with  100  hp  motors,  and  two  quadruple 
equipments  with  75  hp  motors.  At  first  the  road  was  operated  with 
a  trolley  voltage  of  750,  one  phase  only  of  each  unit  being  used. 
There  were  five  200  kw  transformers,  distributed  along  the  line  at 
intervals  of  about  three  miles,  for  supplyinj:;  current  to  the  trolley 
system  which  was  at  that  time  of  standard  direct-current  construc- 
tion. This  was  changed  to  single-phase  catenary  construction 
and  the  trolley  voltage  raised  to  3  300  without  intermitting  the  scheil- 
ule  of  the  road  in  any  way.  The  bracket  arms  were  changed  and  mes- 
senger cables  strung  with  the  working  voltage  on  the  wire  and  also  a 
section  breaker  put  in  midway  on  the  line.  S(^  as  to  have  the  line  in 
two  sections. 

In  order  to  change  the  system  from  750  to  3  300  volts,  it  was  nee- 
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essary  to  cut  out  the  5-200  k\v  transformers  on  the  Hue  and  put  in 
2-500  kvv  auto-transformers.  For  the  car  equipment  it  was  neces- 
sary to  take  ofif  the  main  fuse  boxes  and  take  out  the  main  trolley 
cables,  and  replace  with  suitable  fuse  boxes  and  special  insulated 
trolley  cables.  To  simplify  the  w(jrk  as  much  as  possible  for  the 
night  of  changing  over,  as  the  time  was  limited  from  12  mid- 
night to  5  130  A.  M.,  the  two  500  kw  transformers  were  placed  in  their 
permanent  position  without  oil,  as  the  oil  to  be  used  was  in  the  trans- 
formers that  were  in  service.  On  the  cars  the  750  volt  main  fuse 
boxes  were  taken  off  and  the  main  trolley  cables  taken  out  and  the 
3  300  volt  main  fuse  boxes  put  on  and  special  insulated  main  trolley 
cables  put  in  permanently,  but  not  connected  to  the  trolley  bases. 
The  750  volt  fuse  boxes  and  trolley  cables  were  then  put  up  tempo- 
rarily, so  that  when  the  time  came  to  make  the  change  all  that  was 
necessary  to  do  was  to  take  the  fuses  out  of  the  750  volt  lines  and 
put  the  fuses  in  the  3  300  trolley  line  and  connect  the  trolley  bases. 
On  the  night  that  the  change  over  was  made,  after  the  day's 
service  was  completed,  a  car  was  sent  out  of  Napa  over  the  line  with 
three  linemen  with  instructions  to  cut  out  the  200  kw  transformers 
as  they  went  along,  to  cut  out  the  jumper  that  was  on  the  section 
breaker,  and  take  enough  oil  out  of  the  200  kw  transformers  for  the 
500  kw  transformer  at  \^allejo.  They  were  then  to  telephone  to  the 
power  station  when  they  were  ready  to  have  the  power  shut  off. 
After  receiving  word  that  the  power  was  off  they  were  to  connect  up 
the  500  kw  transformer  to  the  line,  change  the  car  fuses  and  connect 
the  trolley  cables  to  the  bases.  Then  they  were  to  telephone  to  the 
power  station  when  ready  to  have  the  power  turned  on.  In  the 
meantime  the  men  at  the  power  station  put  oil  in  the  500  kw  trans- 
former located  in  the  power  station,  and  made  all  necessary  changes 
to  the  switch  board  and  cars  in  the  barn.  When  word  was  received 
from  the  Vallejo  end  that  they  were  all  ready  the  power  was  turned 
on  and  everything  was  ready  for  service  in  time  to  operate  the  reg- 
ular schedule  with  3  300  volt  power. 


EXPERIENCE  ON  THE  ROAD 

A  ROCKY   MOUNTAIN  TRANSPORTATION 
J.  E.  JOHNSTON 

THE  generators  in  this  case  were  two  500  kw  machines  for 
direct  connection  to  water  wheels  at  220  r.p.m.  They 
were  delivered  at  the  railway  station  nearest  to  their 
destination  and  for  the  remainder  of  the  distance,  17  miles,  had 
to  be  handled  by  wagon.  A  portion  of  this  distance  was  through 
level  country  and  a  portion  through  mountains.  On  the  Pacific 
slope  there  is  a  rainy  season  when  roads  are  almost  impassable 
and  in  the  valleys  the  bottom  literally  falls  out.  It  was  our  luck 
to  have  the  generator  arrive  in  the  rainy  season.  The  revolving 
field  on  its  shaft  weighed  nine  tons  and  was  the  heaviest  piece. 
Under  ordinary  circumstances  this  could  have  been  moved  eas- 
ily. The  contract  for  the  hauling  was  given  to  a  "big  Swede," 
who  was  an  artist  in  his  line,  but  when  his  loaded  wagon  struck 
the  soft  mud  of  the  "bottomless"  road,  one  side  of  the  wagon 
began  to  settle  and  the  field  was  gently  deposited  in  the  mud 
without  material  damage. 

Our  contract  did  not  include  the  hauling,  so  the  water  wheel 
man,  who  had  finished  his  job  as  far  as  possible,  volunteered  to 
go  back  and  reload  the  field  so  that  the  center  of  gravity  would  be 
considerably  lower  than  it  was  in  the  first  loading.  This  he  did 
very  successfully  and  left  the  wagon  on  planks  out  of  the  mud. 
Then  all  hands  knocked  off  to  wait  for  a  freeze,  which  occurred 
in  about  a  week.  During  this  freeze  the  field  was  finally  brought 
over  the  mountain  roads  to  the  power  house  with  a  20-horse 
team.  Around  some  of  the  short  curves  it  was  frequently  ne- 
cessary to  have  a  part  of  the  teams  pulling  at  right  angles  to  the 
others  in  order  to  get  the  resultant  pull  in  the  right  direction. 
The  last  incident  of  the  haul  was  the  crossing  of  the  river  near 
the  power  plant.  The  river  was  between  three  and  four  feet 
deep  at  the  ford  and  running  with  ice.  The  field  was  loaded 
so  low  that  in  crossing  'the  river  it  was  partly  submerged  and 
water  dripped  from  the  windings  for  several  days  after  it  was 
in  the  power  house,  where  the  accumulated  ice  could  melt. 
When  the  machine  was  started  some  time  later  it  was  found  that 
no  harm  had  come  of  the  wettings  which  the  windings  re- 
ceived. 

The  second  generator,  which  had  been   left  at  the  railway 
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station,  was  loaded  in  February  and  taken  some  five  miles,  when 
it  was  decided  to  give  up  attempting  to  haul  it  until  spring.  So 
a  shed  was  built  to  protect  the  machine  and  it  was  left  standing 
on  the  wagon.  When  the  roads  became  good  enough  for  travel 
the  river  was  too  high  to  ford  and  we  had  to  wait  until  low  water 
came  in  July,  when  the  generator  was  finally  landed  at  the  power 
house,  and  the  writer  finished  the  installation  without  further 
trouble. 


BOOK  REVIEW 


Elements  of  Electrical  Engineering,  Vol. 
I.  W.  S.  Franklin  and  William  Esty; 
255  illustrations;  517  pages.  Publish- 
ed by  the  AlacMillan  Company,  New 
York.  Price,  $4.50. 
This  book,  just  recently  from  the 
press,  is  intended  for  use  as  a  text  book 
by  electrical  engineering  students.  This 
first  volume  takes  up  direct-current  ma- 
chinery, electric  distribution  and  light- 
ing, while  the  second  will  treat  of  the 
subjects  of  alternating-current  ma- 
chinery and  distribution.  The  authors 
of  this  book  are  the  instructors  in  Phys- 
ics and  Electrical  Engineering  at  Le- 
high University  and  have  been  teaching 
these  subjects  for  some  fourteen  years. 
This  fact  may  account  for  a  noticeable 
feature  of  this  book  which  is  the  smooth- 
ness and  completeness  of  the  demon- 
strations, beginning  with  the  fundamen- 
tal physical  conceptions  and  continuing 
in  a  simple  and  direct  style  and  finally 
bringing  the  discussion  to  the  practical 
application  in  everyday  engineering 
practice.  Very  often  the  subjects  of 
Physics  and  Direct-Current  Machinery 
are  taught  from  different  text  books  in 
separate  classes  and  sometimes  in  dif- 
ferent years,  so  that  it  is  difficult  for 
students  to  get  an  adequate  idea  of  the 
close  relation  of  the  two  subjects.  This 
combination,  together  with  a  concise,  di- 
rect style  of  writing,  have  resulted  in  a 
book  that  is  an  admirable  introduction 
to  the  more  advanced  study  of  electrical 
engineering.  The  subject  matter  has 
been  so  arranged  by  the  use  of  a  series 
of    appendices,   that  the  book    may    be 


used  as  an  introductory  course  for 
those  desiring  only  a  general  knowledge 
of  the  subject  as  well  as  for  students 
specializing  in  electrical   engineering. 

The  first  two  chapters  are  taken  up 
with  a  discussion  of  the  theory  of  elec- 
tricity and  magnetism,  followed  by  chap- 
ters on  the  operation  of  the  dynamo  as 
a  generator  and  as  a  motor.  A  good- 
sized  chapter  is  devoted  to  ratings  and 
guarantees  in  which  the  recommenda- 
tions of  the  A.  I.  E.  E.  on  this  subject 
are  outlined.  Two  subjects  which  are 
not  often  given  adequate  attention  in 
many  books  are  here  treated  in  two 
chapters  on  Storage  Batteries  and  Pho- 
tometry. 

Perhaps  the  best  example  of  the  sim- 
plicity and  directness  of  style  character- 
istic of  this  book  is  found  in  the  first 
part  of  this  chapter  on  photometry.  In 
a  chapter  on  wiring  and  distribution  the 
authors  have  omitted  the  usual  discus- 
sion of  things  which  are  more  or  less 
familiar  to  everyone,  such  as  the  details 
of  construction  involved  in  wiring  and 
have  given  a  full  consideration  of  the 
bases  of  wiring  calculations. 

An  important  feature  of  the  book  is  a 
series  of  some  235  problems  in  the  last 
appendix,  which  are  so  arranged  that 
they  can  be  used  by  students  without  in- 
structors as  well  as  for  class-room 
work. 

The  appreciation  of  this  book  by  in- 
structors is  shown  by  the  fact  that  it 
has  already  been  adopted  as  a  text  book 
bv  between  fiftv  and  sixty  technical 
schools.  A.  H.  M. 
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In  the  manufacture  of  machinery  of  all  kinds  the 
Empirical  manufacturer  naturally  wishes  to  make  some  kind 
Tests  of  a  test  upon  the  apparatus  to  determine  as  near  as 

possible  its  ability  to  fulfill  the  conditions  that  it  was 
designed  to  fulfill.  Usually  it  is  impossible  to  exactly  duplicate  ser- 
vice conditions  on  the  testing  floor,  and  hence  it  is  necessary  to  sub- 
ject the  apparatus  to  some  empirical  test,  which  is  equivalent  to  ser- 
vice conditions  or  as  nearly  so  as  it  is  practicable  to  secure.  In  the 
manufacture  of  electrical  machinery  certain  tests  have  been  estab- 
lished by  custom,  in  nearly  all  lines,  to  determine  the  sufficiency  of 
the  apparatus.  In  a  great  many  cases  the  purchaser  accepts  or  re- 
jects the  apparatus  on  the  basis  of  these  established  tests. 

In  nearly  all  of  these  tests  some  function  of  the  apparatus  is 
very  indefinitely  determined.  For  instance,  in  miming  a  railway 
motor  on  the  usual  basis  of  a  one-hour  test,  the  ability  of  the  motor 
to  stand  overloads  is  very  indefinitely  determined.  Likewise  testing 
control  apparatus  by  passing  current  through  its  various  circuits  for 
a  certain  time  very  indefinitely  determines  its  ability  to  successfully 
manipulate  the  circuits  of  motors  having  the  same  current  carrying 
capacity.  This  is  due  to  the  heating  eft'ect  of  rupturing  the  arcs 
formed  in  breaking  the  various  circuits  to  the  motors  as  well  as  the 
troubles  sometimes  experienced  from  the  gases  and  vapors  so 
formed. 

In  testing  motors  and  generators,  which  are  intended  for  con- 
tinuous service  at  constant  loads,  some  of  the  functions  of  the  ma- 
chine are  indefinitely  determined.  A  generator  may  carry  its  full 
rated  load  until  the  temperature  of  all  the  parts  has  reachc<l  a  ci^m- 
stant  maximum  without  showing  excessive  heating  in  any  part,  but 
the  same  machine  may  fail  in  service  for  some  reason  which  is  not 
developed  in  the  standard  ten-hour  test.  If  it  is  a  direct-current 
machine,  commutator  troubles  may  develop,  after  service  of  several 
weeks  or  months,  that  gave  not  the  slightest  indication  during  the 
period  of  test. 
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It  is  to  guard  against  the  development  of  such  unforseen 
troubles  that  such  testing  outfits  as  that  described  by  Mr.  Ueach,  in 
this  issue  of  the  Journal^  are  designed. 

ill  connection  with  the  flywheel  test,  which  he  describes,  not 
only  motors  but  control  apparatus  can  be  given  endurance  runs 
which  so  nearly  correspond  with  actual  service  conditions,  that  the 
performance  of  the  apparatus  can  be  foretold  with  a  great  deal  of 
certainty.  Endurance  tests  can  be  made  under  these  conditions,  not 
only  wiili  a  great  deal  more  satisfaction  as  regards  observation  of 
performance,  bvit  with  a  considerable  saving  of  time  as  compared 
with  placing  the  apparatus  in  actual  service. 

Any  method  of  testing  apparatus,  which  practically  conforms 
with  the  service  conditions  under  which  it  is  to  operate  is  certainly 
to  be  recommended.  Aside  from  normal  operating  conditions  all 
apparatus  is  at  times  called  upon  to  work  under  abnormal  conditions. 
The  apparatus  should  be  tested  for  these  conditions  as  well.  With 
a  testing  apparatus,  such  as  described,  not  only  normal  conditions 
can  be  established  but  abnormal  conditions  as  well.  Among  such 
abnormal  conditions  might  be  mentioned  the  determination  of  the 
length  of  time  the  apparatus  will  carry  one  hundred  per  cent  above 
its  normal  rating;  its  ability  to  stand  all  kinds  of  abuses  that  it  will 
be  subjected  to,  such  as  short-circuits  across  the  motors  while  stand- 
ing still,  sudden  throwing  on  of  the  power  with  the  control  apparatus 
on  the  running  position  and  such  other  conditions  as  one  experienced 
in  the  operation  of  such  apparatus  Ixuows  it  may  be  subjected  to  in 

service. 

^^^ILLIAM  Cooper 


Among  the  many  and  varied  developments  and  in- 
Equipping  provements  in  electric  work  and  machinery  that 
Electric  have  taken  place  within  recent  years,  it  is  a  notable 

Cars  fact  that  the  least  attention  has  been  paid  to  the 

installation  of  the  apparatus  in  and  under  electric 
cars.  The  method  utilized  in  the  days  of  small  cars  and  light  equip- 
ments of  connecting  the  controllers  to  the  motors  by  means  of  wires 
loosely  bundled  together  and  covered  with  cotton  hose,  and  held  by 
straps  tacked  to  the  car  body,  has  been  maintained  with  very  little 
change.  Examinations  of  the  conditions  obtaining  upon  many  im- 
portant city  and  interurban  roads,  made  during  the  last  few  years, 
have  often  revealed  a  state  of  aflfairs  under  the  cars,  little  short  of 
n4iculous, 
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The  necessity  of  radically  modifying  car  wiring  was  first  real- 
ized when  it  became  necessary  to  electrify  the  elevated  roads  in  the 
large  cities,  where  the  currents  to  be  handled  were  much  in  excess  of 
those  occurring  on  the  surface  lines,  and  various  systems  have  been 
developed  with  the  view  of  increasing  the  safety  and  stability  of  the 
equipment.  It  is  desirable  that  the  wiring  under  a  car  be  as  nearly 
fire-proof  as  possible,  and  probably  the  nearest  approach  to  this  is 
obtained  by  covering  the  bottom  of  the  car  with  a  fire-proof  material 
and  running  all  the  wire  in  iron  pipes.  This  method  is  becoming 
the  standard  for  heavy  traction  service,  and  will  doubtless  be  adopted 
by  the  more  important  interurban  roads.  For  light  service,  much 
can  be  gained  by  judicious  use  of  fire  resistant  material  and  flame- 
proof wires,  as  well  as  by  intelligent  arrangement  of  the  circuits. 

The  location  and  installation  of  the  many  details  that  are  placed 
under  a  modern  electric  car  is  often  as  important  as  the  style  of 
wiring  to  be  used,  and  the  article  upon  this  subject,  appearing  else- 
where in  the  Jourxal,  is  very  timely.  R.  L.  Wilsox 


"Your  Journal  has  a  distinct  field  of  its  own.  It 
The  Aim  of  should  not  attempt  to  broaden  its  scope  in  any  way 
The  Journal  which  will  cause  it  to  deviate  from  its  original  aim. 
Its  purpose  should  be  to  maintain  recognized  lead- 
ership in  carrying  out  the  original  idea." 

These  views  were  expressed  a  few  days  ago  by  a  man  who  was 
actively  interested  in  the  formation  of  the  Jourxai,.  although  he  has 
had  little  to  do  with  it  since  its  publication  began. 

What  was  that  original  idea?  The  answer  awakens  some  per- 
sonal reminiscences  which  may  be  interesting  to  the  readers  of  the 
Journal  upon  the  completion  of  its  third  volume. 

One  evening,  a  little  over  three  years  ago,  the  board  of  directors 
of  the  Electric  Club  discussed  plans  for  the  coming  year.  I  made 
some  remarks  and  then  added  that  a  good  deal  of  work  was  done 
inefticiently. 

One  of  the  primary  purposes  of  tiie  Club  was  to  assist  its  mem- 
bers— principally  technical  graduates  iii  the  apprenticeship  course  of 
the  Electric  company — in  acciuiring  a  knowledge  of  the  principles 
and  operation  of  the  apparatus  with  which  they  daily  worked.  A 
lecture  by  an  engineer  had  no  lasting  effect  except  through  the  mem- 
ory of  the  hearers.  Many  lectures  contained  information  and  data 
of  permanent  value.  They  should  Ix;  in  printed  and  permanent 
form.     They  could  then  reach  all  the  apprentices.     They  would  be 
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available  to  men  in  testing  and  designing  and  erection  and  sales  de- 
partments, at  the  factory  and  elsewhere.  Moreover,  the  same  kind 
of  concrete,  definite  information  on  apparatus  and  engineering  prac- 
tice and  experience  which  is  suited  to  the  intelligent  young  man 
would  probably  be  gladly  welcomed  by  other  young  men  in  power 
houses  and  in  colleges,  and  by  operating  and  consulting  engineers 
generally.  So  that  a  little  increase  in  the  initial  effort  which  would 
put  the  lecture  in  printed  form  would  tremendously  increase  its  use- 
fulness. Then  again  the  permanent  files  of  a  periodical  would  make 
it  unnecessary  to  tediously  repeat  the  same  subjects  to  the  new  men 
each  year.  In  addition  to  Club  lectures  such  a  publication  could 
secure  many  special  contributions  from  a  large  group  of  able  en- 
gineers, it  could  print  articles  of  counsel  and  of  inspiration,  it  could 
be  a  medium  of  professional  and  semi-personal  intercourse  between 
writers  and  readers,  it  would  have  unique  possibilities  for  develop- 
ing as  a  Journal  of  the  Young  Engineer  in  a  field  of  its  own.  Such 
a  publication,  continued  year  by  year,  would  result  in  a  valuable  ref- 
erence library  of  current  electrical  matters  in  simple,  intelligent  form. 

Nor  was  the  scheme  thus  outlined  merely  a  novel  idea  which 
occurred  at  the  moment ;  it  was  a  conviction  based  upon  long  obser- 
vation of  the  needs  of  young  men  who  were  beginning  an  engineer- 
ing career,  and  so  the  initial  idea  of  this  Journal  was  not  that  it 
might  become  a  pleasing  periodical  of  transient  interest ;  its  purpose 
was  serious  and  its  scope  far-reaching;  its  aim  was  to  be  of  efficient 
aid  to  young  men  and  of  acceptable  assistance  to  others. 

Many  have  contributed  to  the  development  of  the  Journal,  but 
the  fundamental  purpose  has  been  to  carry  out  the  original  idea. 
The  engineering  apprentice  has  been  the  bull's  eye ;  the  product  of 
the  new  engineering  education,  the  basis  of  the  engineering  progress 
of  the  future,  he  is  a  new  factor,  a  new  force  in  industrial  affairs ; 
and  in  making  service  to  him  the  editorial  criterion,  in  dealing  with 
the  fundamental,  the  new,  the  vital  and  actual  things  in  which  he  is 
interested,  the  Journal  finds  that  it  is  also  producing  just  the  things 
that  are  acceptable  to  a  wide  circle  of  readers. 

Chas.  F.  Scott 


The  brief  review  of  the  contributors  to  the  Journal 
Who's  Who  during  the  present  year,  as  presented  in  this  issue, 
in  the  gives  our  readers  a  kind  of  personal  introduction  to 

Journal  many  men  whose  names  are  more  or  less  familiar. 

The  list  shows  that  in  general,  our  contributors  are 
in  daily  touch  with  the  subjects  which  they  treat,  and  that  they  are 
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for  the  most  part  men  who  are  not  in  the  habit  of  writing  for  publi- 
cation, but  are  busily  engaged  in  the  work  of  their  profession.  Such 
statements  as  they  can  take  the  time  to  make  are  generally  of  the 
direct,  practical  kind.  This  fact  is  one  of  the  strong  features  of  the 
Journal,  as  the  articles  take  on  a  freshness  and  an  authoritative 
character,  and  the  subjects  are  given  from  the  point  of  view  of  those 
who  are  in  touch  with  the  latest  developments  in  electrical  work. 

In  reading  over  these  little  sketches  it  is  brought  forcibly  to 
mind  that  here  is  something  that  is  in  line  with  one  of  the  purposes 
of  the  Journal,  and  that  is  to  be  a  journal  of  inspiration.  It  is  cer- 
tainly an  inspiration  to  read  over  the  various  advancements  of  these 
young  men  from  the  time  they  took  up  their  engineering  work.  This 
is  not  a  selected  list  but  a  complete  list.  These  men  were  not  asked 
to  contribute  because  of  their  advancement,  but  because  they  were  in 
positions  to  furnish  engineering  information  of  value. 

In  summing  up  the  year's  work  it  is  found  that  of  the  total  con- 
tributions for  the  year,  seventy-five  per  cent  are  on  subjects  purely 
electrical,  seven  per  cent  are  on  engineering  subjects  other  than 
electrical  and  eighteen  per  cent  are  of  a  general  nature. 

Nearly  eighty-five  per  cent  of  the  articles  published  were  pre- 
pared especially  for  the  Journal  and  of  the  remaining  fifteen  per 
cent  about  half  have  been  revised  by  their  authors  for  use  in  the 
Journal.  A.  H.  ]\1cIxtiri-. 

The  recent  terrible  accident  on  the  ^^'ost  Jersey  & 

The  English       Sea  Shore  Railroad  of  the  rennsylvania  Railroad 

Board  of  Trade  System,  near  Atlantic  City,  brings  forcibly  to  mind 

the   difference  between  the  American  and   luiglish 

methods  of  regulating  and  controlling  public  service  utilities. 

The  accident  in  question  had  taken  place  barely  two  weeks  be- 
fore an  investigation  had  l)cen  made  by  the  local  coroner,  a  decision 
arrived  at  and  the  inquiry,  as  far  as  the  general  public  was  ci^n- 
cerned,  came  to  an  end. 

As  it  happens,  the  State  of  New  Jersey  has  no  railroad  com- 
mission ;  otherwise,  as  would  have  been  the  case  in  the  State  of  New 
York  where  such  a  body  exists,  the  commission  would  have  left  no 
stone  unturned  to  determine  not  only  what  caused  the  accident,  bul 
also  how  they  could  be  prevented  in  the  future. 

The  F.nglish  method  of  handling  a  matter  of  this  si>rt  miglU 
well  be  cited  in  the  case  of  the  accident  which  occurred  on  the  .Vmer- 
ican   special  train   from    l^l)iuouth   which   was  wrecked   near  Salis- 
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bury,  England,  last  summer.  This  accident  was,  of  course,  investi- 
gated at  once  by  the  local  coroner's  jury,  but  no  definite  result  was 
arrived  at  as  to  the  cause  of  the  catastrophe.  This  point  was  left  to 
the  further  investigation  of  the  Board  of  Trade,  and  this  body  spent 
weeks  of  laborious  work  and  summoned  numerous  witnesses  in  a 
conscientious  effort  to  determine  the  cause  of  the  accident  and  to 
suggest  a  remedy  to  prevent  its  recurrence.  The  official  re])orts  of 
the  board  will  be  made  public  in  due  course. 

The  investigation  by  the  Board  of  Trade  is  made  on  behalf  of 
the  Government,  and  there  is  a  certain  satisfaction  in  the  minds  of 
the  public  in  knowing  that  when  such  an  accident  (whether  serious 
or  trivial)  does  occur  there  will  be  an  investigation  of  it  by  the 
Government  authorities. 

The  English  Board  of  Trade  is  not  a  local  organization  like  a 
chamber  of  commerce  or  a  builders'  exchange  such  as  we  have  in  this 
country.  It  is  a  department  of  the  Government  which  practically 
controls  all  the  railways  in  England,  both  steam  and  electric,  to- 
gether with  the  electric  lighting  and  power  companies. 

The  president  of  the  Board  of  Trade  has  a  seat  in  the  prime 
minister's  cabinet,  and  the  body  as  a  whole  might  be  roughly  com- 
pared to  our  Interstate  Commerce  Commission  and  would  be  practi- 
cally the  same  sort  of  an  organization  if  the  Interstate  Commerce 
Commission  had  control  over  all  public  utilities  whether  they  ope- 
rated solely  in  one  state  or  in  two  or  more  states. 

The  American  method  in  use  in  some  states  of  controlling  rail- 
roads and  other  public  utilities  by  state  commissions  is,  of  course,  a 
step  in  the  right  direction,  but  on  account  of  the  varied  decisions  by 
the  different  commissions  confusion  is  liable  to  occur. 

It  would  certainly  seem  that  an  improvement  on  the  American 
system  would  be  the  establishment  of  some  governmental  authority, 
placed  possibly  under  the  supervision  of  the  Interstate  Commerce 
Commission,  by  which  all  accidents  on  railroads  would  be  promptly 
investigated.  The  need  of  such  a  method  of  supervision  becomes 
more  pressing  every  day,  and  it  is  to  be  regretted  that  it  is  very  un- 
likely that  the  Government  will  at  a  very  early  day  take  measures  of 
this  sort. 

As  stated  recently  by  the  "Engineering  News"  the  attention  of 
all  should  be  forcibly  called  to  the  fact  that  the  unfortunate  acci- 
dent on  the  Atlantic  City  line  had  no  relation  to  the  fact  of  electric 
operation.  The  published  accounts  of  the  same  should  not  permit 
any  misapprehension  in  this  direction  to  arise.     The  fact  is  that  the 
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electric  equipment  had  nothing  whatever  to  do  with  the  deraihiient 
of  the  train,  and  there  is  no  evidence  to  indicate  that  a  steam  locomo- 
tive would  be  more  secure  against  derailment  than  an  electric  motor 
car.  C.  S.  Powell 


If  the  articles  published  in  the  first  volumes  of  the 

A  Journal  be  looked  over  it  will  be  found  that  a 

New  large  proportion  of  its  early  articles  would  be  ac- 

Index  ceptable   for  current  issues,  had  they  not  already 

been  printed.     This  is  one  of  the  important  points 

in  the  work  of  the  Journal.     It  deals  with  things  fundamental,  with 

methods,  with  actual  experiences,  rather  than  with  things  of  a  day. 

It  is  thus  building  up  in  its  successive  volumes  a  reference  library  of 

practical  engineering. 

It  is  the  experience  of  almost  every  engineer  who  has  occasion 
to  refer  to  technical  periodicals,  that  it  is  a  very  tedious,  if  not  hope- 
less, task  to  find  information  along  any  desired  line  when  there  is  a 
separate  index  for  each  annual  or  semi-annual  volume. 

To  make  the  information  contained  in  the  Journal  always 
available  and  useful,  the  topical  indfex  scheme  was  adopted.  A  single 
topical  index  covers  all  of  the  three  volumes  of  the  Journal. 

By  the  use  of  the  Journal  topical  index  it  is  not  necessary  to 
look  through  a  number  of  volumes,  but  any  article  in  any  volume, 
along  with  all  articles  on  the  subject,  may  be  quickly  located. 

Another  point  is  that  this  index  may  be  arranged  as  a  card  index 
and  extended  to  include  any  desired  number  of  periodicals  or  other 
references. 

That  the  topical  index  idea  has  been  appreciated  by  our  readers 
is  attested  by  the  fact  that  the  edition  issued  a  year  ago,  which  was 
supposed  to  be  large  enough  for  all  probable  needs,  was  exhausted 
and  a  reprint  became  necessary  to  supply  the  demand,  until  the  re- 
vised index  for  the  Journal  to  date  is  ready  for  distribution. 

A.  H.  McTntiri-; 
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NOTES  ON  THEIR  CONSTRUCTION,  PERFORMANCE  AND  OPERATION 
P.  M.  LINCOLN 

PERFORMANCE  (continued) 
Power-Factor  and  Rating — When  a  given  number  of  amperes  is 
delivered  at  a  low  power-factor,  the  generator  field  current  must  be 
increased  above  that  necessary  for  delivering  the  same  current  with 
non-inductive  load,  the  e.  m.  f.  being  the  same  in  both  cases.  The 
amount  of  this  increase  differs  in  different  machines,  depending  upon 


■  POWER-FACTOR 
FIG.    l8 

the  inherent  regulation  and  the  saturation  of  the  field.  If  the  field 
yoke  is  nearly  saturated  when  working  with  non-inductive  load, 
then  the  increased  current  will  be  nmch  larger  than  is  required  if  the 
field  is  not  saturated. 

When  there  is  no  saturation  of  the  field  yoke  or  other  parts  of 
the  alternator,  the  relative  regulations  at  dift'erent  power-factors  bear 
definite  relations  to  each  other.  Fig.  i8  shows  this  relation  approxi- 
mately. Curves  are  given  showing  what  will  be  the  regulation  at 
any  power-factor  of  alternators  having  at  unity  power-factor  a  reg- 


ALTERNATING-CURRENT  GENERATORS  669 

ulation  of  four  per  cent,  eight  per  cent,  twelve  per  cent  and  twenty 
per  cent.  For  other  values  of  regulation  at  unity  power-factor  the 
regulation  at  other  than  unity  power-factor  can  be  interpolated.  The 
curves  show  for  instance  that  an  alternator  having  a  regulation  of 
eight  per  cent  at  unity  power-factor  has  about  twenty-one  per  cent 
at  90  per  cent  power-factor  lagging,  and  about  twenty-six  per  cent 
at  80  per  cent  power-factor  lagging.  At  about  97  per  cent  leading 
current  the  regulation  would  be  zero;  that  is,  full-load  could  be 
thrown  off  and  the  voltage  would  not  rise.  For  lower  power-fac- 
tors leading  there  would  be  a  fall  in  voltage  wdien  the  load  was 
thrown  oft".  In  other  words,  with  leading  power-factors  part  of  the 
magnetic  flux  is  due  to  the  armature  current.  Discretion  must  be 
used  in  applying  these  curves  since  they  apply  only  wdien  the  mag- 
netic circuit  of  the  alternator  is  not  saturated.  They  are  made  upon 
a  basis  of  two  per  cent  C-R  loss  in  the  armature  which  is  of  course 
excessive  for  machines  of  more  than  a  few  kilowatts  capacity,  but 
since  the  C^R  loss  in  the  armature  has  very  little  eft'ect  on  regula- 
tion the  point  is  not  an  important  one. 

The  requirements  of  a  generator  for  delivering  a  given  amount 
of  true  energy  are  very  different  if  this  is  delivered  at  an  80  per  cent 
power- factor  instead  of  a  100  per  cent  power- factor.  To  deliver,  sav 
100  kw,  true  energy  at  an  80  per  cent  power-factor,  will  require  125 
kw  apparent  energy.  Not  only  is  the  current  output  increased  25 
per  cent,  but  there  is  now  a  60  per  cent  component  of  the  armature 
current,  which  is  directly  opposing  the  field  current.  To  maintain 
the  same  magnetization,  therefore,  the  field  must  be  increased  not 
only  for  the  increased  output  of  25  per  cent,  but  also  for  this  large 
demagnetizing  element  of  the  armature  current. 

Automatic  Regulation — Other  things  being  cc|ual  an  alternator 
of  good  regulation  requires  more  material  and  is  nu>re  expensive 
than  one  with  a  poorer  regulation.  It  is  of  advantage  in  cost  therefore 
to  secure  the  element  of  regulation  by  some  other  means  than  in  the 
inherent  design.     There  are  two  recognized  wa\s  of  d(Mng  this: 

(  I  )      Composite  winditig. 

(2)      Automatic  regulators. 

Composite  JJ'iiidiii<;s — Comp(X>^itc  wimlings  are  apiiHcable  only 
to  small  machines.  Tt  is  not  usual  to  apply  them  to  machines  above 
200  kw,  for  the  reason  that  the  conin.uitation  of  the  compensating 
current  becomes  unsatisfactory  above  this  capacity  even  under  the 
most  faviM-able  conditions.  Xd  compensating  winding  is  entirely 
satisfactory  because  a  cliange  in  the  power-factor  of  a  load  not  only 
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affects  the  amount  of  the  compounding  obtained  but  sliifts  the  com- 
mutating  position  of  the  brushes.  Also  when  used  on  polyphase 
machines,  a  single-phase  load  on  one  phase  or  another  changes  the 
compounding  as  well  as  the  commutating  position.  As  a  general 
rule  the  smaller  the  machine  the  less  are  the  commutating  difficulties 
encountered.  The  general  tendency  is  to  use  this  method  of  com- 
pounding only  on  the  smaller  sizes  of  alternators. 

Automatic  Regulators — There  are  on  the  market  a  number  of 
automatic  devices  which  operate  to  change  the  field  strength  of  a 
generator  in  response  to  a  change  in  generator  voltage.  The  most 
successful  of  these  is,  without  doubt,  the  Tirrill  Regulator  now  be- 
ing manufactured  by  the  General  Electric  Company.  This  device 
operates  by  regulating  the  strength  of  the  exciter  field  and  uses  the 
change  in  exciter  voltage  to  oppose  the  main  voltage,  thus  prevent- 
ing over-running.  This  regulator  has  been  very  extensively  used 
and  has  given  almost  universal  satisfaction. 

Efficiency — Efficiency  is  the  ratio  of  the  power  delivered 
by  a  generator  to  the  power  which  it  receives.  The  power  received 
is  equal  to  the  power  delivered  plus  the  losses  in  the  machine.  The 
losses  are : — 

(i)  Iron  loss,  which  is  approximately  constant  from  no-load 
to  full-load. 

(2)  Copper  loss  in  the  armature,  which  increases  as  the  square 
of  the  armature  current.      (C'R). 

(3)  Copper  loss  in  the  field,  which  increases  as  the  square  of 
the  field  current.  (C-R). 

(4)  Friction  and  windage  losses,  which  are  approximately 
constant  at  all  loads. 

The  total  loss  is  composed  of  two  constant  elements  and  two 
variable  elements  which  increase  as  the  machine  is  loaded,  so  that 
the  resulting  loss  increases  from  no-load  to  full-load. 

The  efficiency  curve  of  a  machine  can  be  readily  laid  out  if  the 
losses  are  known.  On  the  other  hand,  if  the  efficiency  curve  is  given, 
the  losses  at  the  different  loads  can  be  found.  For  example,  if  the 
efficiency  of  a  200  kw  machine  at  one-half  load  is  90  per  cent,  then 
100  kw  is  90  per  cent  of  the  power  received  by  the  machine.  The 
power  received  is  therefore  one  hundred  ninetieths  of  100  kw%  or 
III. I  kw,  and  the  loss  is  therefore  ii.i  kw. 

Efficiency  curves,  like  abstract  mathematical  quantities,  are  of 
two  kinds,  real  and  imaginary.  A  false  efficiency  curve  may  some- 
times be  detected  by  determining  from  it  the  losses  at  different  loads. 
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For  example,  if  the  efficiency  curve  of  the  200  k\v  machine  above  re- 
ferred to  gives  75  per  cent  at  quarter-load,  then  the  power  received 
by  the  machine  at  quarter-load  is  one  hundred  seventy-fifths  of  50 
kw,  or  66.6  kw.  The  loss  is  therefore  16.6  k\v,  which  is  considerably 
greater  than  ii.i  kw  lost  at  half-load.  A  machine  v/ith  a  higher  loss 
at  quarter-load  than  at  half-load  is  a  monstrosity,  and  the  curve  can 
well  be  assumed  to  be  an  imaginary  one. 

Specifications  for  efficiency,  especially  in  engine  type  machines, 
should  define  the  method  by  which  the  efficiency  is  to  be  measured. 
As  it  is  inconvenient  or  impracticable  to  measure  the  actual  power 
delivered  to  the  machine  at  full-load,  the  efficiency  can  best  be  de- 
termined by  measurement  of  the  losses,  from  which  the  efficiency 
can  be  calculated.    The  losses  are  determined  as  follows : — 

Armature  iron  loss  is  found  by  driving  the  machine,  preferably 
by  a  motor,  and  measuring  the  power  required  for  driving  it  at  nor- 
mal speed,  with  field  charge  to  give  full  voltage,  then  without  field 
charge;  the  difi:erence  is  the  iron  loss.  The  power  for  driving  the 
machine  without  field  charge  gives  the  friction  loss,  due  both  to 
mechanical  frfction  and  windage.  The  copper  losses  in  the  armature 
and  in  the  field  are  found  by  multiplying  the  square  of  the  current  in 
amperes  by  the  resistance  in  ohms.  The  sum  of  these  four  elements 
is  the  total  loss.  The  output  divided  by  the  output  plus  the  loss  gives 
the  efficiency.  The  iron  loss  in  the  armature  is  assumed  to  be  con- 
stant for  different  loads.  This  is  approximately  true  for  alternators 
of  good  design,  but  is  not  true  of  machines  in  which  there  is  large 
field  distortion,  or  in  general  when  the  regulation  is  very  poor.  In 
such  cases,  the  loss  in  the  armature  teeth  increases  very  considerably 
as  the  load  increases.  The  method  of  determining  the  efficiency  above 
described  is  therefore  practically  correct  for  machines  which  have 
first-class  regulation,  but  it  indicates  too  high  an  efficiency  for  ma- 
chines which  have  bad  regulation. 

Temper.\ture — It  is  a  standard  practice  to  measure  all  tem- 
peratures by  thermometers.  The  temperature  of  a  generator  wind- 
ing may  be  determined  by  a  measurement  of  the  change  in  the  resist- 
ance with  change  of  temperature.  Such  measurements  are.  how- 
ever, very  difficult  to  make,  and  must  be  made  with  extreme  accuracy 
to  be  of  value.  Very  few  stations  possess  the  equipment  and  very 
few  engineers  have  had  sufficient  experience  in  making  close  obser- 
vations to  properly  conduct  tests  of  such  delicacy.  For  this  reason 
it  is  much  better  to  trust  to  thermometer  readings,  and  such  is  stand- 
ard practice. 
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A  commonly  accepted  standard  guarantee  for  revolving  field  al- 
ternators for  2  200  volts  or  lower  include  the  following  specifications 
for  temperature  rise,  measurement  being  made  by  thermometer: 

Full-load  run  for  24  hours,  temperature  rise  not  exceeding  40 
degrees  C. 

25  per  cent  overload  for  24  hours,  temperature  rise  not  exceed- 
ing 50  degrees  C. 

50  per  cent  overload  for  one  hour,  temperature  rise  not  exceed- 
ing 60  degrees  C. 

This  specification  is  based  on  rated  load  in  k.  v.  a.  The  over- 
load test  may  follow  immediately  after  the  full-load  run. 

Armature — The  temperature  of  the  armature  (the  conditions  of 
ventilation  remaining  the  same)  depends  upon  the  loss  in  the  arma- 
ture. This  is  of  two  kinds :  An  approximately  constant  loss  in  the 
iron,  and  a  variable  loss  (increasing  with  the  load)  in  the  copper. 
The  loss  in  the  windings  increases  as  the  square  of  the  current.  If 
the  current  be  doubled,  the  loss  is  four  times  as  great.  If  the  cur- 
rent is  increased  25  per  cent,  the  loss  is  increased  a  little  more  than 
50  per  cent. 

Field — The  field  temperature  depends  upon  the  losses  in  the 
field.  The  losses  at  full-load  depend  upon  the  nature  of  the  load,  be- 
ing greater  for  loads  having  low  power-factor.  The  increase  of  tem- 
perature with  overloads  is  approximately  proportional  to  tlie  over- 
load. 

For  a  given  total  loss  the  output  of  an  alternator  when  oper- 
ating single-phase  is  about  70  per  cent  of  that  operating  polyphase. 
The  loss  in  the  armature  copper,  however,  occurs  in  a  smaller  vol- 
ume of  copper,  and  the  limiting  temperature  may  be  reached  in  the 
armature  winding  when  running  single-phase  before  the  output  has 
reached  70  per  cent  normal.  Under  the  head  of  regulation  it  was 
stated  that  for  a  given  regulation  the  output  of  a  given  polyphase 
generator  running  single  phase  is  70  per  cent  of  the  polyphase  ra- 
ting. It  is  thus  evident  that  both  from  the  standpoint  of  temperature 
and  of  regulation  the  single-phase  rating  of  a  given  generator  is 
only  about  70  per  cent  of  the  polyphase  rating. 

Time — A  considerable  overload  for  a  short  time  may  give  the 
same  temperature  as  a  small  overload  for  a  longer  time.  Usually, 
however,  the  maximum  temperature  in  the  copper  is  quickly  reached, 
so  that  an  excessive  overload  for  more  than  a  few  minutes  will  give 
an  undue  rise  of  temperature  in  the  coils. 

Capacity — For   a   single-phase   generator   the   output   is  pro- 
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portional  to  the  product  of  the  current  in  amperes  and  the  potential 
in  volts.  Representing  the  potential  by  E  and  the  total  current  by  I, 
the  output  in  kilovolt-amperes  is : — 

k.  V.  a.  =  Y^-^o 
For  a  two-phase  generator  the  total  outfiut  is  equal  to  the  sum  of  the 
output  of  the  two  single-phase  circuits.    If  the  load  is  balanced,  the 
total  generator  output  is  therefore  equal  to  twice  the  output  of  each 
circuit,  or  k.  v.  a.  =  ^^  where  I'  is  the  current  in  each  phase. 

With  a  three-phase  generator  the  problem  is  not  so  simple,  for 
there  are  three  circuits  to  be  considered  and  two  methods  of  winding, 
the  star  and  the  delta.  If  the  generator  is  balanced,  i.  e.,  the  load  on 
each  phase  is  equal  to  one-third  of  the  total  load  and  if  E„  Eo  and 
Eg,  and  I^,  L  and  I3  represent  the  potentials  and  currents  of  the  out- 


FIG.    19 

side  circuits,  and  c,.  c,  and  C;,.  and  i,.  i,  and  \,,  corresponding  values 
inside  the  arnialure  winding,  as  shown  in  Fig.  10.  then, — 

E  =  E,  =  E,  =  E3 
I  =  I,  =  I3  =  I3 
e  =  Ci  =  60  =  63 
i  =  ii  =  in  ~  h 
In  the  delta  connections  the  relations  are : — 
E  =  e 
1  =  VT'=  i/3-'> 


k.  V.  a.  = 


v'  3  K  I  —     yE  i 


1  000 
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In  the  star  connections,  shown  in  Fig.  20,  the  relations  are  as  fol- 
lows : — 

I  =  i 

E  =  V  3  e=  17326 

k.v.a.  =  i^A^ 


3el 

1000 


kw  =  k.  V.  a.  X  power  factor. 
The  potential  between  the  side  circuits  of  an  inter-conneCted  two- 
phase  generator  is  approximately  0.7  that  across  the  main  line.  If 
a  line  be  taken  from  the  point  of  inter-connection  of  the  two  phases, 
a  five-wire,  two-phase  system  may  be  operated,  supplying  three  dis- 
tinct voltages.  If  a  neutral  wire  be  led  out  through  the  point  of  in- 
ter-connection of  the  phases  of  a  star-wound,  three-phase  generator, 
the  potential  between  it  and  any  of  the  main  leads  is  approximately 

1, 


FIG.   20 

0.577  that  of  the  main  circuits.  In  power  transmission  over  long  dis- 
tances, a  three-phase  connection  is  to  be  preferred  to  a  two-phase  and 
is  generally  used  in  the  larger  installations.  However,  where  much 
of  the  power  or  lighting  is  distributed  single-phase,  a  two-phase  sys- 
tem is  often  found  more  convenient.  The  performance  of  two-phase 
and  three-phase  generators  is  practically  the  same,  though  a  two- 
phase  machine  will  regulate  somewhat  more  closely  under  unbal- 
anced loads.  The  question  of  which  system  should  be  adopted  must 
always  be  decided  by  purely  local  considerations. 

Power-Factor — When  an  alternating  current  and  its  e.  m.  f. 
are  in  the  same  phase,  i.  e.,  rise  and  fall  in  strength  exactly  together 
so  that  maximum,  minimum  and  other  corresponding  values  occur  at 
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exactly  the  same  instants,  the  power  in  the  circuit  is  the  product  of 
the  current  and  the  e.  m.  f. ;  but  when  the  current  lags  behind  the 
e.  m.  f.  (as  in  the  case  of  current  flowing  to  an  unloaded  induction 
motor  or  transformer)  or  when  the  current  is  in  advance  of  or  leads 
the  e.  m.  f.  (as  in  the  case  of  a  current  to  a  condenser,  to  an  over-ex- 
cited generator,  an  over-excited  synchronous  motor  or  an  over-ex- 
cited rotary  converter)  the  power  in  the  circuit  is  less  than  the  prod- 
uct of  amperes  and  volts  by  an  amount  depending  upon  the  nature 
of  the  load.  The  factor  by  which  k.  v.  a.  must  be  multiplied  to  give 
kw  is  called  the  power-factor.  Power- factor  depends  wholly  upon  the 
nature  of  the  load  and  the  supply  circuit,  not  upon  the  generator. 

Rating — All  modern  alternators  are  rated  on  a  kilovolt-ampere 
basis,  not  a  kilowatt  basis.  The  reason  for  this  is  apparent  on  analy- 
sis. The  elements  of  electrical  loss  in  an  alternator  are  the  iron  loss, 
which  is  dependent  solely  upon  the  voltage  generated,  the  armature 
copper  loss,  which  is  dependent  upon  the  current  through  the  arma- 
ture coils,  and  the  field  copper  loss,  which  is  dependent  upon  the  cur- 
rent flowing  through  the  field  coils.  To  maintain  a  given  current 
through  the  armature  at  a  given  voltage  requires  an  increasing  field 
strength  with  a  decreasing  power-factor.  Consequently,  for  a  given 
kilovolt-ampere  output  of  the  machine,  the  total  heat  losses  are  larger 
for  low  power-factors  than  for  high  power-factors,  the  difference  oc- 
curring in  the  field  losses.  All  other  losses  of  the  machine  except  the 
field  losses  are  practically  independent  of  the  power-factor.  For  this 
reason  all  logical  ratings  of  alternators,  are  made  dependent  upon 
the  kilovolt-ampere  basis  and  not  upon  the  kilowatt  basis.  The 
power-factor  of  the  load  that  is  to  bo  carried  by  alternators  is  there- 
fore an  important  element  in  their  rating.  For  instance,  an  alterna- 
tor whose  field  is  designed  for  the  limiting  temperature  rise  at  cf) 
per  cent  power-factor  or  above  will  have  its  kilovolt-ampere  capacity 
reduced  at  lower  power-factors.  This  point  is  particularly  notice- 
able with  some  of  the  earlier  machines  which  were  designed  to  run 
on  an  incandescent  lighting  load.  Such  a  load  has  a  power-factor  of 
probably  98  per  cent  or  above.  Tf  these  machines  arc  used  to  supply 
a  constant  alternating-current  arc  system  with  a  power-factor  in  the 
neighborhood  of  70  per  cent,  their  capacity  is  very  considerably  re- 
duced. 

OrKRATlON 

Synchrouhiuf:, — Two  machines  arc  said  to  bo  in  synchronism 
when  they  coincide  in  frequency  and  phase.    They  have  the  sariie  fre- 
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quency  when  the  product  of  the  number  of  poles  by  the  revolutions 
per  minute  for  each  is  the  same.  They  are  in  phase  when  the  posi- 
tions of  the  armatures  with  respect  to  the  fielcl  poles  are  identical, 
i.  e.,  when  similar  armature  coils  are  opposite  corresponding  field 
poles  at  the  same  instant. 

The  operation  of  synchronizing  consists  in  bringing  the  incom- 
ing machine  up  to  approximately  synchronous  speed  and  to  the  same 
voltage  as  the  generator  which  is  running  and  connecting  the  two 
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FIG.   21 — LAMP   METHOD  SYNCHRONIZING 

machines  together.  With  the  same  frequency,  the  same  phase  and 
the  same  voltage,  there  will  be  no  unbalanced  e.  m.  f.  and  conse- 
quently no  rush  of  current  at  the  moment  of  connection.  To  syn- 
chronize two  generators  it  is  evidently  necessary  to  provide  some 
means  of  determining  when  they  are  in  phase  and  have  the  same 
frequency.  The  general  principle  of  the  most  common  method  of 
synchronizing  is  shown  in  the  diagram.  Fig.  21. 

A  and  B  represent  two  single-phase  machines  or  a  single  phase  of 
each  of  two  machines,  the  leads  of  which  are  connected  to  the  switch 
C  through  two  series  of  incandescent  lamps,!)  and  E.  If  the  e.  m.  f.'s 
are  in  phase  and  equal,  there  will  be  no  current  in  the  lamps,  but 
if  the  generators  are  not  in  phase  a  current  will  flow  through  the 
lamp  circuits  and,  as  the  difference  in  phase  increases,  the  lamps  will 
light  up  and  become  brighter  until  a  maximum  is  reached,  when  the 
phases  are  in  exact  opposition.  As  the  dift'erence  in  phase  decreases, 
the  lamps  will  decrease  in  brilliancy  until  darkness  indicates  that 
the  generators  are  again  running  in  phase.  The  rate  of  pulsation  of 
the  lamps  depends  upon  the  relative  frequency  of  the  generators  be- 
ing synchronized. 

The  synchronizing  device,  instead  of  being  connected  directly 
across  the  two  circuits,  may  be  connected  in  the  secondary  circuit  of 
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two  shunt  transformers,  as  shown  in  Fig.  22.  If  the  transformers 
are  similarly  connected,  there  will  be  no  current  through  the  lamps 
when  the  machines  are  in  phase,  since  the  e.  m.  f.'s  of  the  two  trans- 
formers will  be  opposed,  as  shown  by  the  arrows  in  the  diagram. 
When  the  generators  are  out  of  phase  the  e.  m.  f.'s  will  be  out  of 
phase  also  and  current  will  flow  through  the  lamps,  its  amount  and 
the  resulting  brilliancy  depending  upon  the  difference  in  phase. 

If  the  connections  of  either  the  primary  or  secondary  of  either 
transformer  be  the  reverse  of  that  shown  in  the  diagram,  the  indica- 
tion of  the  lamps  will  be  reversed,  i.  e.,  they  will  burn  at  a  maximum 
brilliancy  when  the  generators  are  in  phase.  This  arrangement  is 
generally  to  be  preferred. 

Synchroniser  and  Synchroscope — Although  lamps  are  often 
used  for  synchronizing,  the  method  is  not  safe  practice  for  high 
voltage  generators,  nor  wholly  suitable  for  low  voltage  machines,  as 
the  lamps  do  not  determine  tlie  exact  time  of  phase  coincidence  and 
there  is  always  the  possibility  of  connecting  the  two  machines  when 
a  considerable  difference  of  phase  exists.  The  ideal  svnchronizcr 
should  perform  three  distinct  functions :     First,  it  should  indicate 


FIG.  22 — TR.\^^sFOR^r^•.R  and  lamp  method  of  synchronizing 
whether  the  incoming  machine  is  running  too  fast  or  too  slow  ;  sec- 
ond, it  should  indicate  the  auKiuiit  the  incoming  machine  is  running 
too  fast  or  too  slow  ;  third,  it  should  indicate  the  exact  instant  of 
synchronism.  These  functions  arc  performed  with  perfection  by  the 
synchroscope,  and  the  use  of  either  this  instrument  or  the  automatic 
synchronizer  should  always  be  recommended. 

Adjustment  of  Eield  Current — ^^'hen  the  rheostats  of  two  alter- 
nators running  in  j)arallel  at  normal  sjieed  are  not  adjusted  for  the 
proper  field  current,  an  idle  or  cross  current  Hows  through  the  arm- 
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atures,  the  amount  of  which  depends  entirely  upon  the  difference  in 
the  field  charges  of  the  machines  and  may  vary  over  a  wide  range, 
from  a  minimum  of  zero  when  both  field  charges  are  uniform  to 
more  than  full-load  when  they  differ  greatly.  The  effect  of  this  cur- 
rent is  to  increase  the  temperature  of  the  armature  and,  consequent- 
ly, to  cut  down  the  output  of  the  machine.  It  is  therefore  desirable 
that  the  rheostats  be  adjusted  so  as  to  reduce  it  to  a  minimum.  This 
cross  current  is  registered  on  the  ammeters  of  both  machines  and  so 
increases  both  readings.  The  sum  of  the  ammeter  readings  will  be  a 
minimum  when  the  idle  current  is  zero.  In  general,  the  proper  field 
charge  of  a  machine  running  in  parallel  is  that  which  it  would  have 
if  it  were  running  alone  and  delivered  its  load  at  the  same  voltage. 

Fly-Wheei  Effect — To  prevent  excessive  cross  currents  between 
alternators  they  must  not  be  allowed  to  depart  materially  from  the 
same  relative  phase  position.  When  running  from  an  engine,  there- 
fore, the  energy  that  is  supplied  intermittently  by  the  piston  must  be 
partially  stored  in  a  fly-wheel  when  the  energy  supplied  by  the  pis- 
ton is  a  maximum  and  then  delivered  by  the  fly-wheel 
to  the  alternator  when  the  energy  supplied  is  a  minimum. 
To  prevent  excessive  cross  currents  between  alternators,  the 
fly-wheel  must  be  of  such  dimensions  as  to  prevent  a  de- 
parture from  normal  uniform  velocity  of  more  than  three  elec- 
trical degrees.  The  proper  amount  of  fly-wheel  effect  to  accomplish 
this  will  depend  upon  the  uniformity  of  rate  of  energy  supplied.  The 
fly-wheel  effect  of  an  armature  is  an  item  of  information  that  should 
always  be  supplied  to  the  engine  builder,  for  engine  type  machines. 
This  enables  the  engine  builder  to  calculate  the  proper  size  of  fly- 
wheel to  add  to  the  outfit  to  meet  the  following  specifications  of  uni- 
formity. 

Engine  Requirements — Steam  engines  driving  alternators  should 
have  the  following  characteristics : 

(a)  The  engine  governors  should  be  so  constructed  that  there 
will  be  no  tendency  to  cause  a  periodic  transfer  or  surging  of  the 
load  between  one  engine  and  another.  This  tendency  may  originate 
in  the  angular  variation  of  velocity  in  different  parts  of  the  revolution 
which  is  common  to  all  reciprocating  engines,  or  to  a  sudden  variation 
of  load  which  will  affect  each  governor  in  a  slightly  different  man- 
ner, or  to  other  causes  that  lead  to  a  non-uniform  speed.  The  engine 
govei-nors  should  not  be  sensitive  to  such  disturbances  and  should 
not  maintain  or  increase  them. 

The  effect  on  the  engines  of  a  periodic  transfer  of  load  occa- 
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sioned  by  hunting  between  two  engines  running  in  parallel,  is  some- 
what similar  in  effect  to  throwing  the  load  on  or  off  a  single  engine 
at  short  equal  intervals,  which  may  be  measured  by  one  or  several 
pulsations  in  the  combined  turning  eft'orts  applied  to  the  engine  shaft. 

In  some  extreme  conditions  the  pulsations  of  load  may  amount 
to  more  than  the  normal  capacity  of  either  engine.  With  no  external 
load  one  engine  may  then  alternately  drive  the  other,  which  will  evi- 
dently be  a  more  severe  condition  than  if  the  load  were  only  applied 
and  removed  from  a  single  engine. 

If  under  any  case  of  pulsating  load  the  engines  do  not  tend  to  ac- 
centuate the  pulsations  in  turning  effort  and  speed,  then  a  condition 
favorable  to  parallel  running  is  attained. 

(b)  Variations  in  the  angular  velocity  of  the  rotating  part  of  a 
generator  through  a  revolution  at  any  constant  load  not  exceeding  25 
per  cent  overload  should  not  exceed  one-sixtieth  of  the  pitch  angle 
between  two  consecutive  poles  from  the  position  it  would  have  if  the 
motion  were  absolutely  uniform  at  the  same  mean  velocity.  The 
maximum  allowable  variation,  which  is  the  amount  the  rotating  part 
forges  ahead  plus  the  amount  which  it  lags  behind  the  position  of 
uniform  rotation,  is  therefore  one-thirtieth  of  the  pitch  angle  between 
two  poles. 

In  a  two-pole  machine  this  variation  is  equivalent  to  three  de- 
grees as  measured  on  the  circumference  of  the  rotating  part ;  in  a 
four-pole  machine  it  is  one  and  one-half  degrees,  and  in  a  six-pole 
macliine  one  degree,  or  as  tlie  number  of  poles  increases  the  permissi- 
ble angular  variation  decreases. 

(c)  Engines  that  are  used  for  parallel  operation  shcnild  have 
practically  the  same  characteristics  of  speed  regulation  in  order  that 
the  power  delivered  to  their  respective  generators  may  be  propor- 
tional to  the  load,  that  is,  the  same  load  on  any  engine  should  pro- 
duce the  same  percentage  drop  in  its  speed.  This  Is  most  readily  ob- 
tained with  engines  in  which  at  full-load  the  speed  drops  from  three 
to  five  per  cent  below  the  no-load  speed,  as  a  sliglit  change  in  ad- 
justment of  tlie  governor  will  have  less  relative  effect  than  with  en- 
gines in  which  the  s])ec(l  drops  only  one  por  cent  imdcr  tlio  same 
variation  of  load. 

( d)  The  use  of  goxeniors  which  are  adjusl.ihlc  while  tlie  en- 
gine is  running  is  advisable,  .is  slight  adjustments  of  speed  nia\-  then 
be  made  which  will  facilitate  synchroni/ing  the  alternators  or  chang- 
ing the  load  carried  by  the  engines. 
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Maximum   Permissible  Variation  on   PZither  Side  of  Uniform 
Rotation : 


Per  Cent 

Per  Cent 

of 

of 

Angular 

Circum- 

Angular 

Circum- 

Poles 

Degrees 

ference 

Poles 

Degrees 

ference 

2 

3.000 

0.8330 

42 

0.143 

0.0395 

4 

1.500 

0.4160 

44 

0.136 

0.0380 

6 

1. 000 

0.2770 

46 

0.130 

0.0360 

8 

0.750 

0.2080 

48 

0.125 

0.0345 

10 

0.600 

0.1660 

50 

0.120 

0.0335 

12 

0.500 

0.1390 

52 

0.II5 

0.0320 

14 

0.430 

O.II9O 

54 

O.I  1 1 

0.0310 

i6 

0.375 

0.1040 

56 

0.107 

0.0295 

i8 

0.333 

0.0920 

58 

0.103 

0.0285 

20 

0.300 

0.0835 

60 

O.IOO 

0.0280 

22 

0.270 

0.0750 

62 

0.097 

0.0270 

24 

0.250 

0.069s 

64 

0.094 

0.0260 

26 

0.230 

0.0640 

66 

0.091 

0.0250 

28 

0.210 

0.0595 

68 

0.088 

0.0245 

30 

0.200 

0.0555 

70 

0.086 

0.0240 

32 

0.187 

0.0520 

72 

0.083 

0.0230 

34 

0.177 

0.0490 

74 

0.081 

0.0225 

36 

0.167 

0.0465 

76 

0.079 

0.0217 

38 

0.158 

0.0440 

78 

0.077 

0.02II 

40 

0.150 

0.0415 

80 

0.075 

0.0206 

Hunting — The  object  of  the  preceding  specifications  is  to  ob- 
tain a  generating-  system  that  will  have  a  minimum  tendency  to  hunt 
or  pump.  Hunting  is  a  condition  in  which  there  is  a  periodic  ex- 
change of  current  or  energy  between  generators  or  other  synchron- 
ous apparatus  on  the  same  system.  Plunting  usually  manifests  itself 
by  periodic  fluctuations  of  the  instruments,  undue  heating  of  the  ap- 
paratus, or  by  periodic  sparking.  Its  almost  universal  cause  is  peri- 
odic fluctuations  in  the  supply  of  energy  to  the  circuit.  In  a  steam 
engine,  for  instance,  the  rate  of  supply  of  energy  to  an  alternator  dur- 
ing the  instant  following  admission  of  steam  to  a  cylinder  is  much 
greater  than  during  the  instant  preceding  admission.  Since  the 
electric  circuit  has  no  capacity  for  storing  energy  the  fluctuations 
must  appear  either  as  changes  in  the  output  of  the  generator  or  as 
changes  of  speed  in  the  flywheel  attached  to  the  generator.  In  either 
case  there  is  a  tendency  to  set  up  a  condition  of  hunting.  The  ampli- 
tude of  the  hunting  efifect  will  depend  upon  the  violence  of  the 
fluctuations  of  energy  input  and  upon  the  ability  of  the  generating 
system  to  damp  out  the  hunting.  If  the  generators,  synchronous 
motors  and  rotary  converters  are  provided  with  dampers  of  good 
design  the  tendency  to  hunt  will  always  be  diminished  and  generally 
eliminated.  If  there  are  no  dampers,  however,  hunting  once  started 
is  apt  to  become  cumulative,  and  to  go  rapidly  from  bad  to  worse 
until  some  of  the  apparatus  falls  out  of  step. 
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Synchronous  motors  are  more  subject  to  hunting  than  generators 
as  they  are  apt  to  be  at  the  ends  of  transmission  Hnes  having 
considerable  loss.  This  condition  increases  the  tendency  to  hunt. 
The  greater  the  line  loss  the  greater  the  tendency  to  hunt.  No  exact 
limit  to  line  drop  can  be  set  beyond  which  hunting  is  sure  to  occur 
since  hunting  is  dependent  on  other  things  besides  line  drop.  Tests 
seem  to  show,  however,  that  with  line  drops  of  twenty-five  per  cent 
and  above  it  is  difficult  if  not  impossible  to  design  synchronous  ap- 
paratus that  will  not  hunt. 

Excitation — The  amount  of  exciting  current  required  by  an  al- 
ternator is  a  function  of  the  number  of  poles,  the  size  and  regula- 
tion of  the  machine.  A  brief  analysis  will  show  the  reason  for  this. 
It  requires  a  certain  number  of  ampere  turns  to  force  a  given  mag- 
netic flux  through  a  given  magnetic  circuit.  Two  magnetic  circuits 
will  require  double  the  ampere  turns ;  therefore,  the  exciting  current 
will  increase  with  the  number  of  poles,  other  things  being  equal. 
Also,  it  requires  practically  the  same  number  of  ampere  turns  to 
force  a  given  flux  density  through  a  magnetic  circuit,  no  matter  what 
the  area  of  the  magnetic  circuit;  therefore,  the  relative  magnetizing 
energy  will  decrease  as  the  size  of  an  alternator  increases,  other 
things  being  equal. 

Small  machines  of  many  poles  require  large  exciting  power,  and 
large  machines  of  a  small  number  of  poles  require  comparatively 
small  exciting  power.  Two  per  cent  of  the  output  is  often  taken  as 
the  exciter  capacity  of  alternators.  For  low  speed,  high  frequency 
alternators  this  is  a  little  low,  while  for  low  frequency,  high  speed 
turbine  type  generators  it  is  much  too  hii^li.  One  half  per  cent,  for 
instance,  is  sufficient  for  a  6000  k\v,  four-polo  1  500  r.  \).  m.  turbo- 
alternator. 


THE  ORGANIZATION  OF  THE  ELECTRIC  COMPANY 

E.  M.  HERR, 
First  Vice  President 

IN  opening  an  informal  presentation  before  the  Electric  Club  of 
'The  Organization  of  the  Electric  company,"  with  particular 
reference  to  the  inter-relations  of  the  various  departments,  Mr. 
Herr  spoke  of  the  importance  of  an  organization  in  any  business. 
He  emphasized  the  extreme  value  of  the  skilled  and  trained  members, 
or  personnel,  in  any  organization  as  compared  with  the  inert  or  ma- 
terial parts,  such  as  buildings  and  machinery.  The  latter  money  can 
replace,  but  no  amount  of  money,  and  only  much  patient  and  skillful 
personal  effort  over  a  long  time  can  replace  the  trained  and  experi- 
enced men  and  women  in  any  organization  for  manufacturing  or  en- 
gineering. 

Again,  things  and  people  differ  in  this :  one  is  passive,  the  other 
active  ;  one  is  constant  and  dependable,  the  other  is  subject  to  change 
without  notice ;  machinery  remains,  people  come  and  go.  Hence  the 
human  element  enters.  Our  capacity,  mentality  and  moral  relations 
are  not  perfect.  Care  is  required  not  only  by  those  who  are  in  charge, 
but  each  part  needs  to  exercise  its  own  intelligence  and  individuality. 

Mr.  Herr  then  gave  a  brief  account  of  the  farmation  of  the  Elec- 
tric company  and  an  outline  of  its  organization  and  various  depart- 
ments. 

First  are  the  stockholders  or  owners,  and  then  the  board  of  di- 
rectors, then  follows  the  executive  branch,  including  the  chief  offi- 
cers constituting  the  management  of  the  company. 

The  principal  departments  are  the  sales,  the  engineering,  the 
works,  the  financial  and  the  accounting  department. 

The  sales  department  is  divided  into  three  divisions,  the  railway 
and  lighting,  the  industrial  and  power  and  the  detail  and  supply, 
the  managers  of  which  are  located  at  East  Pittsburg.  There  are 
twenty-two  district  offices  and  an  export  office.  The  price  depart- 
ment is  closely  related  to  the  sales  department. 

The  engineering  department  is  divided  into  six  main  divisions, 
the  power,  the  industrial,  the  railway,  the  detail  and  supply,  the  trans- 
former and  the  research  division,  each  dealing  with  a  particular  class 
of  work.     The  draughting  division  falls  under  this  department,  and 
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closely  related  in  work  are  also  the  erection  and  railway  construction 
departments. 

The  works  department  includes  the  works  at  East  Pittsburg 
and  Newark  and  the  Allegheny  and  Cleveland  foundries.  This  de- 
partment is  under  the  direction  of  the  manager  of  works,  with  a  num- 
ber of  immediate  assistants  in  charge  of  production  and  of  tools. 
There  is  a  superintendent  with  several  assistants  at  East  Pitts- 
burg; then  follow  the  general  foremen,  the  foremen  and  the  work- 
men, in  some  twenty-five  sections  of  the  works.  The  inspection  and 
testing  departments  and  the  engineer  of  works,  having  in  charge  the 
alteration  to  machinery  and  buildings,  also  report  to  the  manager  of 
works.  The  storekeeper,  having  in  charge  the  supplies  for  manu- 
facture and  completed  apparatus,  and  also  the  rate  department,  and 
the  watchmen  and  janitors  likewise  report  to  the  manager  of  works. 
The  Newark  works  and  the  foundries  have  their  own  superinten- 
dents and  assistants. 

The  financial  department  is  in  charge  of  the  treasurer,  with  as- 
sistants, and  a  credit  manager. 

The  accounting  department  is  in  charge  of  a  general  auditor, 
with  assistants. 

In  addition  to  the  foregoing  are  the  legal  department,  dealing 
both  with  commercial  law  and  patent  matters ;  the  purchasing  de- 
partment, through  which  all  purchases  of  materials  are  made ;  and 
the  general  departments  of  publication  and  publicity,  having  in 
charge  advertising,  convention  exhibits,  catalogues,  technical  writing 
and  the  like. 

The  correspondence  department  with  several  divisions  for  hand- 
ling different  classes  of  apparatus,  is  the  focal  point  through  which 
passes  the  incoming  and  outgoing  business  between  district  ofiices 
and  customers  and  the  various  departments  of  the  works.  • 

In  general,  the  principal  departments  report  directly  to  one  of 
the  vice  presidents  of  the  company.  ^Ir.  Herr  indicated  the  various 
functions  of  these  departments,  taking  uj)  broadlv  the  character  of 
their  work  and  the  relation  of  one  department  to  the  other.  He  then 
addressed  particularly  the  technical  graduates,  who  comprised  a 
large  proportion  of  his  audience.  Ilis  remarks  to  them  were  sub- 
stantially as  follows : 

I  want  to  address  a  few  wurtls  to  the  technical  graduates.  I  am 
especially  interested  in  them.  I  was  one  myself,  not  in  electrical  en- 
gineering but  in  mechanical  engineering.  I  went  tlirough  the  shop 
much  as  you  are  now  doing,  and  I  can  assure  you  that  you  are  now 
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doing  something  ihat  you  will  al\va\s  be  glad  of,  and  the  better  you 
do  your  work  the  gladder  you  will  be  that  you  have  done  it.  The  op- 
portunity to  do  it  comes  but  once.  You  can  "get  next"  to  shop  work 
and  see  how  it  is  done-  and  you  can  work  on  equal  terms  with  the 
workingnian,  learning  what  a  su1)stantial  and  intelligent  fellow  he  is 
and  getting  his  point  of  view.  You  should  take  the  whole  course, 
because  you  will  need  it  before  you  are  through.  In  my  own  ap- 
prenticeship I  had  one  year  at  five  cents  per  hour,  nine  hours  per 
day,  and  a  second  year  at  seven  and  a  half  cents  per  hour.  Do  not 
try  to  make  money  now ;  this  is  the  time  to  gain  working  capital  in 
the  way  of  experience. 

Look  carefully  to  the  possibilities  for  advancement  in  the  works. 
Most  young  men  look  with  especial  favor  to  some  line  of  engineer- 
ing work  or  to  the  sales  department.  The  growth  of  the  modern 
factory  has  created  a  new  need  for  w'ell  trained  men  practiced  in 
machine  shop  work  who  have  executive  ability.  Not  enough  atten- 
tion has  been  given  to  the  training  of  high-grade  mechanics,  and  it 
is  not  unlikely  that  we  may  suffer  for  the  want  of  them.  There  are 
many  opportunities  opening  in  the  practical  management  of  shop 
affairs.  It  is  sometimes  felt  by  young  men  that  they  cannot  so  read- 
ily attain  positions  of  responsibility  in  the  works  management  as 
they  can  in  other  departments.  The  reason  is  obvious.  Technical 
graduates  have  already  spent  several  years  in  technical  schools  in  a 
kind  of  training  which  is  really  an  apprenticeship  in  engineering. 
They  therefore  begin  their  practical  work  with  a  fair  training  along 
engineering  lines,  while  in  shop  work  they  must  begin  a  new  kind 
of  apprenticeship  course,  starting  lower  down. 

Don't  be  afraid  to  teach  somebody  how  to  do  something — the 
day  of  narrowness  and  exclusiveness  is  past.  Efficiency  in  a  large 
organization  requires  team-work  and  co-operation.  And  then,  again, 
you  never  know  a  thing  so  well  as  when  you  have  told  it  to  some- 
body else.  The  habit  of  helping  the  other  fellow  will  help  you  more 
than  it  does  him. 

A  fundamental  essential  in  a  large  organization  is  a  healthful 
esprit  de  corps.  It  is  of  first  importance  to  get  the  right  spirit,  so 
that  every  fellow  is  pulling  the  right  way  and  pulling  hard.  No  big 
man  can  himself  alone  do  much  in  a  big  organization,  it  is  united 
individual  effort  which  produces  results. 

Do  not  build  a  fence  around  yourself ;  do  not  be  exclusive.  It 
is  true  that  every  man  has  his  own  job  and  others  must  not  interfere 
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with  his  work.     On  the  other  hand,  lend  aid  and   encouragement 
when  the  other  gets  stuck ;  be  ready  to  help  him  out. 

An  incident  which  occurred  some  years  ago  illustrates  what  I 
mean  by  the  right  spirit  on  the  part  of  the  men  who  make  up  an  or- 
ganization. It  became  necessary  for  the  railroads  to  economize  dur- 
ing hard  times.  One  road  devised  a  plan  for  saving  fuel.  This  was 
explained  to  the  officers  of  another  road  and  the  possible  economy 
was  recognized.  On  the  first  road  the  engineers  were  brought  to 
take  an  active  interest  in  the  work.  Performance  sheets  of  engines 
were  posted  each  month  and  carefully  scanned.  The  engineers  vied 
with  each  other  to  improve  their  record.  As  a  result  over  $160,000 
was  saved  in  one  year.  On  the  second  road,  no  economies  were  ef- 
fected. The  engineers  were  not  brought  into  sympathv  with  the 
scheme  and  made  no  real  effort  to  carry  it  out.  This  incident  illus- 
trates the  point  which  I  want  to  enforce,  namely,  the  value  of  esprit 
de  corps  throughout  an  organization  and  the  need  "of  fo'stering  a 
proper  attitude  of  each  man  in  an  organization  to  his  work  and  to  his 
fellows. 
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A  SPECIAL  POTENTIOMETER 
H.  B.  TAYLOR 

HE  special  features  of  the  potentiometer  described  below, 
consist  in  an  arrangement  of  connections  which  make  it 
convenient  for  use  in  measuring  resistance  as  well  as  volt- 
age and  current  and  in  the  unusually  high  insulation  between  parts. 
The  extra  insulation  was  necessary  because  the  instrument  was  for 
use  at  East  Pittsburg,  where  the  atmospheric  conditions  are  partic- 
ularly unfavorable  for  the  operation  of  instruments  which  are  af- 
fected by  leakage  currents.  At  certain  seasons  of  the  year  the  air 
is  very  damp  and  it  is  never  clean.     Exposed  surfaces  quickly  re- 


FIG.    I — VIEW   OF  TOP  OF  POTENTIOMETER 

ceive  a  deposit  or  film  of  dirt  which  is  far  from  being  a  perfect  in- 
sulator. 

INSULATION 

No  trouble  from  leakage  currents  through  the  insulating  mate- 
rial itself  is  ordinarily  experienced  with  any  potentiometer.  The 
leakage  occurs  over  the  surface  between  metal  parts  on  the  outside. 
In  order  to  obtain  good  insulation  only  such  metal  parts  as  are  nec- 
essary were  mounted  on  top  of  the  case  and  the  metal  surface  dis- 
tance between  these  was  made  great  enough  to  prevent  serious  leak- 
age. Special  care  was  taken  to  arrange  the  instrument  so  that  these 
insulating  surfaces  could  be  easily  cleaned. 

The  top  of  the  case,  as  shown  in  Fig.  i,  is  of  hard  rubber.  Each 
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metal  part  is  mounted  on  a  separate  hard  rubber  base  0.3  inch  high. 
These  bases  fit  closely  to  the  top  of  the  box  and  each  has  a  thin 
layer  of  white  shellac  underneath,  to  make  a  moisture-proof  joint. 
The  object  of  the  separate  bases  is  to  increase  the  surface  distance 
between  the  metal  parts  by  twice  the  height  of  the  base.  Many  of 
the  metal  parts  are  separated  by  a  0.25  inch  air  space,  which  makes 
the  surface  distance  between  them  0.87  inch.  All  parts  inside  the 
case  which  are  close  together,  or  which  it  is  important  to  keep  well 
insulated  are  provided  with  hard  rubber  washers.  Nearly  all  of  the 
inside  connections,  as  shown  in  Fig.  2,  were  made  with  bare  wire 
of  a  size  large  enough  to  stay  rigidly  in  position  without  any  other 
support  than  at  the  points  of  electrical  connections.     After  connec- 


FIG.   2— VIEW  OF  INSIDE  OF  POTENTIOMETER 


tions  had  been  completed,  all   inside  parts,   including  hard   rubber 
and  wooden  surfaces,  were  given  several  coats  of  white  shellac. 

The  diagram,  Fig.  3,  shows  the  general  plan  of  the  instrument, 
the  scheme  of  connections  of  main  resistance  and  vernier  coils  be- 
ing that  in  common  use  in  potentiometers.  A  batterv  is  connected 
through  a  rheostat  to  a  fixed  resistance.  The  current  is  adjusted 
by  means  of  the  rheostat  until  the  voltage  drop  across  this  resist- 
ance is  exactly  equal  to  a  standard  voltage  which  is  connected  in 
the  opposite  direction  through  a  galvanometer  and  keys.  The  con- 
dition of  equality  exists  when  the  galvanometer  does  not  deflect  on 
pressing  the  keys.  Having  established  the  voltage  across  the  total 
resistance,  the  voltage  across  any  part  of  it  is  a  definite  quantity. 
The  various  steps  arc  marked  on  the  instrument  in  thoir  projx^r 
proportions,  reading  in  decimals  from  left  to  right. 
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The  voltage  X,  to  be  measured  is  applied  to  part  of  the  resist- 
ance, also  through  a  galvanometer,  and  keys  and  the  contacts 
through  which  it  is  applied  are  moved  so  as  to  change  the  resistance 
between  them  without  changing  the  total  resistance,  until  a  balance 
is  obtained.  I5y  means  of  the  vernier  coils,  the  small  drop  of  volt- 
age across  one  of  the  main  coils  is  divided  and  subdivided  until  ex- 
ceedingly fine  adjustments  can  be  obtained. 

As  is  customary,  the  total  resistance  used  in  measuring  the 
voltage  was  made  an  odd  number  of  ohms  to  correspond  with  the 


FIG.  3 — DIAGRAM   OF  CONNECTIONS 

odd  voltage  of  the  standard  cell.  A  Weston  standard  cell  having 
an  e.m.f.  of  1.0198  volt  is  used.  The  resistance  across  which  it  con- 
nects is  10  198  ohms.  This  gives  o.i  milli-volt  per  ohm  or,  in  other 
words,  the  current  required  to  produce  a  balance  is  .0001  ampere. 
The  total  resistance  used  with  the  cell  is  composed  of  the  main  re- 
sistance of  9999.9  ohms  in  the  potentiometer  coils  and  198.1  ohms 
additional  required  to  make  the  instrument  direct  reading  when 
used  with  a  1.0198-volt  cell.  If  a  cell  of  some  other  constant  volt- 
age were  to  be  used,  the  only  adjustment  necessary  would  be  to 
change  the  resistance  of  the  198  ohm  coil.  To  do  this  is  only  a  few 
minutes  work  and  is   so  seldom   necessary  that   no  provision   was 
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made  on  the  top  of  the  instrument  for  adjustment  for  different  volt- 
ages. 

The  lo  198  ohm  coil  connected  across  the  two-plug  receptacle 
was  intended  for  use  chiefly  as  a  protective  resistance  for  the  stand- 
ard cell.  As  the  protective  resistance  could  not  very  well  be  dis- 
pensed with,  it  was  made  of  manganin  wire  like  the  other  coils  and 
its  resistance  adjusted  accurately  in  order  that  it  could  be  used  in 
other  ways,  if  desired. 

The  ordinary  procedure  in  making  a  measurement  is  to  take 
the  plug  out  of  the  left  side  of  the  two-point  receptacle  and  put  it 
in  the  receptacle  for  closing  the  galvanometer  shunt  circuit  until 
after  the  first  steps  of  the  adjustment  have  been  made.  It  is  then 
put  back  in  place.  A  plug  is  kept  in  the  right-hand  side  of  the  two- 
point  receptacle  all  the  time  unless  it  is  desired  to  use  two  standard 
cells  in  series  or  else  to  double  the  potentiometer  reading  correspond- 
ing to  a  given  voltage.  In  either  event  a  plug  would  be  put  in  the 
left  side  only.  The  former  use  would  be  made  when  two  cells  were 
available,  neither  of  which  had  e.m.f.  as  near  1.0198  volt  as  the  aver- 
age of  the  two.  The  latter  plan  is  used  in  measuring  extremely  low 
voltages.  With  a  sufficiently  sensitive  galvanometer,  readings  can 
be  taken  which  would  fall  between  two  adjacent  figures  in  the  last 
row  as  ordinarily  coimected. 

The  potentiometer  coils  are  arranged  in  five  straight  rows 
and  connections  are  brought  out  to  brass  terminals  at  the  top.  The 
movable  contacts  arc  mounted  in  hard  rubl)er  blocks  which  slides 
along  the  top  of  the  brass  contact  pieces.  A  transverse  slot  in  the 
lower  part  of  each  block  serves  to  increase  the  surface  distance  be- 
tween brushes  to  about  one  inch.  Contact  with  the  brass  pieces  is 
made  at  the  top  and  both  sides.  The  top  contact  is  made  through 
laminated  copper  brushes ;  that  at  the  sides  through  clips  of  spring 
brass,  which  work  in  a  row  of  slots  on  the  sides  of  the  cylindrical 
brass  contact  pieces.  The  clips  serve  as  a  guide  to  keep  the  hard 
rubber  block  in  place  and  also  indicate  when  the  contacts  are  in  the 
])ro])cr  position.  They  make  a  snug  fit  when  in  posilinn  and  a  loose 
one  when  in  mkldlc  position,  enabling  the  operator  to  locate  the 
contacts  properly  without  looking  at  the  instrument.  The  view  in 
Fig.  I  shows  (inc  of  the  bl(K-ks  removed  from  its  position  and  turned 
over  to  give  a  view  of  the  brushes  and  clips.  Flexible  leads  long 
enough  to  allow  the  necessary  travel  connect  with  the  brushes. 
Where  these  pass  thrcnigh  the  top  of  the  box  a  bushing  one  inch 
long  is  provided.  The  lower  end  of  the  bushing  is  sealed  with 
shellac. 
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For  the  sake  of  simplicity  in  operation  as  well  as  to  promote 
insulation,  two  sets  of  keys  were  used  instead  of  one  or  two  keys 
with  a  two-way  switch.  In  measuring  voltage  only  two  of  the  keys 
in  the  set  at  the  left  need  be  used,  but  all  three  keys  in  the  set  to  the 
right  are  required.  The  set  at  the  left  is  used  in  adjusting  the  bat- 
tery current  to  balance  the  standard ;  the  other  set  in  balancing  X. 

Having  ascertained  by  trial  that  the  relative  directions  of  all 
e.m.f.s  are  right,  the  resistance  is  adjusted  until  the  galvanometer 
does  not  deflect  when  the  keys  at  the  left  are  closed.  Then  with  the 
keys  at  the  left  open,  the  other  set  is  closed  momentarily  and  the  po- 
sitions of  the  contact  blocks  changed  according  to  the  direction  in- 
dicated by  the  galvanometer,  in  the  same  way  as  the  positions  of 
plugs  are  changed  in  measuring  resistance  with  a  Wheatstone 
bridge,  until  a  balance  is  again  obtained.  As  the  movement  of  the 
contacts  does  not  affect  the  total  resistance  in  circuit,  the  balance 
with  the  standard  cell  should  not  be  affected.  It  is  safest  to  verify 
this  by  closing  the  first  set  of  plugs  again.  The  maximum  e.m.f. 
which  can  be  measured  on  the  potentiometer  proper  with  one  stand- 
ard cell,  is  practically  one  volt.  The  range  can  be  doubled  by  using 
two  standard  cells  in  series,  but  the  usual  way  of  measuring  e.m.f.s 
above  one  volt  requires  a  resistance  box  in  connection  with  the  other 
apparatus.  The  e.m.f.  is  applied  to  a  certain  resistance  which  may 
be  as  high  as  desired  and  is  usually  large  enough  to  keep  the 
current  below  o.oi  ampere.  Taps  from  a  known  part  of  this  resist- 
ance, preferably  a  decimal  part,  are  run  to  the  A'  connections  of  the 
potentiometer.  The  potentiometer  reading  will  be  the  total  e.m.f. 
multiplied  by  the  ratio  of  the  resistance  of  the  section  between  the 
taps  to  the  total  resistance. 

MEASURING  LOW  RESISTANCE 

The  most  noteworthy  feature  of  the  instrument  is  its  applica- 
tion to  measuring  low  resistance.  To  do  this  the  resistance  X  to  be 
measured  is  connected  in  series  with  the  standard  resistance.  If 
the  standard  is  of  higher  resistance  than  X,  connections  are  made 
from  its  potential  terminals  to  the  binding  posts  marked  Standard 
Resistance  and  from  the  terminals  of  X  to  the  binding  posts  X.  The 
resistance  of  these  connections  does  not  enter  into  the  results,  as  they 
are  potential  leads  only  and  do  not  carry  current  when  a  balance 
exists.  Enough  current  to  give  between  one-tenth  volt  and  one  volt 
drop  across  the  standard  is  passed  through  two  resistances.  The 
rheostat  in  the  potentiometer  circuit  is  adjusted  until  a  balance  with 
the  standard  is  obtained  in  the  same  way  as  though  a  standard  cell 
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were  used.  As  shown  in  the  diagram,  the  potentiometer  resistance 
connected  to  Standard  Resistance  binding  posts  is  loooo  ohms. 
The  reading  across  X,  therefore,  is  a  decimal  of  the  standard.  AIul- 
tiplying  the  resistance  of  the  standard  by  this  decimal  gives  the  re- 
sistance of  X.  If  standards  of  o.i,  o.oi,  o.ooi  ohm,  etc.,  are  used, 
all  that  is  necessary  is  to  note  the  reading  and  to  locate  the  decimal 
point  where  it  belongs. 

When  it  is  necessary  to  use  a  standard  of  lower  resistance  than 
X,  the  positions  of  X  and  the  standard  are  interchanged.  The  re- 
sistance of  X  in  that  case  is  found  by  dividing  the  resistance  of  the 
standard  by  the  potentiometer  reading.  In  order  to  eliminate  ther- 
mo-electric and  similar  errors  in  work  requiring  the  highest  precis- 
ion, both  batteries  are  reversed  and  a  second  reading  taken.  The 
average  of  the  two  readings  gives  the  correct  result. 

ADVANTAGES  OF  METHOD 

This  method  has  several  advantages  over  the  well  known  Thoni- 
son  bridge  method  of  measuring  low  resistances. 

None  of  the  resistances  of  connections  enter  into  the  calcula- 
tion of  results  and  no  change  of  ratio-coils  is  required,  whatever  the 
range  of  resistance  to  be  measured. 

Accurate  comparison  can  be  made  between  resistances  which 
differ  greatly. 

All  kinds  of  resistance,  solid  or  liquid,  can  hi-  measured. 

ACCURACY   AND  SPEED 

The  Thomson  l)ridge  has  an  advantage  in  not  re(|uiring  steady 
current.  With  current  from  a  storage  battery  the  time  required  lor 
making  an  observation  by  either  method  is  about  the  same. 

Probably  the  best  way  to  convey  an  idea  as  tc  the  accuracy  at- 
tainable is  to  give  an  example  of  measurements  which  have  been 
made.  Between  August,  1905,  and  September,  loof).  a  certain  set 
of  low  resistance  shunts  have  been  checked  at  intervals  of  three 
weeks  by  this  method.  Their  nominal  resistances  are  5,  i.  o.i,  0.03, 
0.01,  0.005,  ^n<^  0.0025  ohm.  Comparisons  with  a  10  ohm  and  a 
O.OOI  ohm  standard  were  made  without  reference  to  any  other  stand- 
ards. Sometimes  the  comparisons  would  l)egin  at  one  end  of  the 
series  and  sometimes  at  the  other.  The  resistance  of  the  0.0025 
ohm  shunt  would  be  <lctermined  by  comparison  with  the  10  ohm  or 
the  O.OOI  ohm  standard.  Using  the  resistance  thus  found,  the  sec- 
ond of  the  series  would  be  calibrated  by  comparison  with  the  first, 
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and  so  on  throughout  the  eight  measurements.  If  there  was  no 
error,  the  resistance  of  one  standard  as  determined  from  the  other 
through  the  series  of  steps  should  check  with  its  known  resistance. 
In  nearly  all  cases  it  did  check  within  0.02  per  cent.  The  maximum 
discrepancy  ever  found  was  0.043  P^^  cent.  The  average  error  per 
reading  was  unquestionably  much  lower  than  these  totals.  The 
measurements  were  made  by  several  ditTerent  men,  under  ordinary 
working  conditions.  Only  one  set  of  readings  was  taken  on  any 
given  date.  Had  greater  precision  been  necessary  the  average  of 
three  or  four  readings  would  have  been  taken. 

In  general  there  is  no  difficulty  in  determining  the  ratio  of  two 
resistances  within  o.oi  per  cent  if  one  is  not  more  than  ten  or  fif- 
teen times  the  other.  Ratios  as  high  as  i  000  to  i  are  readily  meas- 
ured within  0.1  per  cent.  In  both  instances  it  is  assumed  that  a 
drop  of  voltage  of  at  least  o.i  volt  across  the  higher  resistance  is 
permissible. 

BATTERY 

There  is  a  general  impression  that  storage  cells  are  the  only  bat- 
teries that  are  suitable  for  supplying  the  e.m.f.  to  balance  that  of  the 
standard  cell.  Experience  with  a  considerable  variety  of  cells  has 
failed  to  show  any  advantage  in  using  storage  cells  or  even  primary 
cells  designated  for  closed-circuit  working.  The  current  required  is 
so  small  that  there  is  no  trouble  due  to  polarization.  Ordinary  zinc- 
carbon  cells  have  given  as  good  results  as  any.  An  old  Carhart- 
Clark  standard  cell  which  had  been  worn  out  so  far  as  its  itse  as  a 
standard  was  concerned  supplied  the  current  during  working  hours 
every  day  for  about  three  months  and  gave  entire  satisfaction. 

Whatever  type  of  cell  is  used  it  must  be  perfectly  insulated 
from  everything"  except  its  own  circuit  and  should  be  located  where 
its  temperature  will  be  as  nearly  constant  as  possible. 


ENGINEERING  TRAINING 

The  dedication  of  the  new  Engineering  Building  of  the  University 
of  Pennsylvania  was  held  on  October  19th,  1906,  and  was  attended  by  a 
large  number  of  invited  guests  from  various  schools,  societies,  etc.,  and 
also  by  representatives  from  various  foreign  countries.  This  building 
is  said  to  be  the  finest  building  of  the  kind  in  existence  and  to  have  cost, 
including  equipment,  nearly  one  million  dollars.  The  principal  addresses 
at  the  dedication  ceremonies  were  made  by  Air.  Frederick  W.  Taylor, 
President  of  the  American  Society  of  Mechanical  Engineers,  and  bj^  Dr. 
Alexander  C.  Humphreys,  President  of  Stevens'  Institute  of  Technology, 
from  which  the  following  extracts  are  made. 

A  COMPARISON  OF  UNIVERSITY  AND  INDUSTRIAL  DISCIPLINE  AND  METHODS 

FREDERICK  W.  TAYLOR 

The  point  from  which  I  view  college  education  is  that  of  the  em- 
ployer, not  that  of  the  educator.  I  have  had  no  exjierience  with  the 
difficult  and  complicated  problem  that  faces  the  professors  and  the 
governing  boards  of  our  colleges.  I  have  been  engaged  for  years  in 
organizing  the  shop,  office  and  commercial  management  of  quite  a 
wide  range  of  engineering  and  manufacturing  establishments.  This 
has  brought  me  into  intimate  personal  contact  with  a  large  number  of 
college  graduates,  and  I  have  become  well  acquainted  with  their 
strong  points,  which  are  man}-,  and  at  the  same  time  with  a  few  of 
those  points  in  which  it  wottld  seem  that  as  a  class  ihey  might  be  im- 
proved. Something  may  possibly  be  gained  by  considering  wdiat  has 
seemed  to  many  of  the  friends  of  our  young  graduates  to  be  the  one 
defect  which  they  practically  all  have  in  common. 

For  a  period  of  from  six  mor.ths  to  two  years  after  graduating 
they  are,  gencrall}'  speaking,  discontented  and  unhappy.  They  are 
apt  to  look  u])()n  their  employers  as  una])pri'ciative,  unjust  and  tyran- 
nical, and  it  is  fre([ucntl\-  only  after  changing  employers  once  or  twice 
and  finding  the  same  lack  of  appreciation  in  all  of  them,  that  they 
finally  start  u])on  their  r?al  careers  of  usefulness. 

(  )n  the  other  hand,  the  attitude  of  employers  towards  young 
graduates  is  fairly  expressed  by  the  following  written  instructions 
given  for  the  selection  of  quite  a  large  number  o:  voung  men  to  fill 
positions  wliich  presented  opportimities  for  rapid  development  and 
advancement.  These  instructions  were  to  give  the  preference — first, 
to  graduates  of  technical  schools;  secc^id.  to  the  graduates  of  the 
academic  departments;  but  to  employ  no  college  boy  who  had  not 
been  out  for  more  than  two  years. 
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Why  is  it,  then,  that  these  young  men  are  discontented  and  of 
practically  little  use  during  the  first  year  or  two  after  graduating? 

To  a  certain  extent  this  is  unquestionably  due  to  the  sudden  and 
radical  change  from  years  spent  as  boys  almost  solely  in  absorbing 
and  assimilating  knowledge  for  their  own  benefit  to  their  new  occupa- 
tion of  giving  out  and  using  what  they  have  for  the  benefit  of  others. 
To  a  degree  it  is  the  sponge  objecting  to  the  pressure  of  the  hand 
which  uses  it.  To  a  greater  degree,  however,  I  believe  this  trouble  to 
be  due  to  the  lack  of  discipline  and  to  the  lack  of  direct,  earnest  and 
logical  purpose  which  accompanies,  to  a  large  extent,  modern  univer- 
sity life. 

During  the  four  years  that  these  young  men  are  at  college  they 
are  under  less  discipline,  and  are  given  a  greater  liberty  than  they 
have  ever  had  before  or  will  ever  have  again. 

Is  not  the  greatest  problem  in  university  life,  then,  how  to  ani- 
mate the  students  with  an  earnest,  logical  purpose? 

In  facing  this  question  I  would  call  attention  to  one  class  of 
young  men  wdio  are  almost  universally  imbued  with  such  a  purpose ; 
namely,  those  who,  through  necessity  or  otherwise,  have  come  into 
close  contact  and  direct  competition  with  men  working  for  a  living. 
These  young  men  acquire  a  truly  earnest  purpose.  They  see  the  real- 
ity of  life,  they  have  a  strong  foretaste  of  the  struggle  ahead  of  them, 
and  they  come  to  the  university  with  a  determination  to  get  some- " 
thing  practical  from  the  college  training  which  they  can  use  later  in 
their  competition  with  men. 

They  are  in  great  demand  after  graduating,  and  as  a  class  make 
themselves  useful  almost  from  the  day  that  they  start  in  to  work. 

Neither  their  earnestness  or  purpose,  however,  nor  their  immedi- 
ate usefulness,  comes  from  any  technical  knowledge  which  they  have 
acquired  while  working  outside  of  the  university,  but  rather  from 
having  early  brought  home  to  them  the  nature  of  the  great  problem 
they  must  face  after  graduating.  Nothing  but  contact  with  work  and 
actual  competition  with  men  struggling  for  a  living  will  teach  them 
this.  It  cannot  be  theorized  over  or  lectured  upon,  or  taught  in  the 
school-workshop  or  laboratory. 

I  look  upon  this  actual  work  and  competition  with  men  working 
for  a  living  as  of  such  great  value  in  developing  earnestness  of  pur- 
pose that  it  would  seem  to  me  time  well  spent  for  each  student,  say, 
at  the  end  of  the  Freshman  year,  to  be  handed  over  by  the  university 
for  a  period  of  six  months  to  some  commercial,  engineering  or  manu- 
facturing establishment;  there  to  work  as  an  employee  at  whatever 
job  is  given  him,  either  manual  or  other  work.     He  should  have  the 
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same  hours  and  be  under  the  same  disciphne  as  all  other  employees, 
and  should  receive  no  favors.  Moreover,  he  should  be  obliged  to  stay 
even  a  longer  time  thansix  months  unless  he  has  in  the  meantime 
given  satisfaction  to  his  employers. 

I  believe  that  there  would  be  but  little  difficulty  in  obtaining  the 
co-operation  of  our  business  and  manufacturing  establishments  in 
carrying  out  this  plan. 

My  belief  in  the  benefits  to  be  derived  from  doing  practical  every 
day  work  early  in  the  college  course  is  not  the  result  of  a  theory.  It 
is  founded  upon  close  observation  and  study  of  young  men  who  have 
had  this  experience,  and  also  upon  a  vivid  remembrance  of  break- 
fasting each  morning  at  five-thirty,  and  starting  to  sweep  the  floor 
of  a  pattern  shop  as  an  apprentice  some  thirty-two  years  ago,  after 
having  spent  several  years  in  preparing  for  Harvard  College.  The 
contrast  between  the  two  occupations  was  great,  but  I  look  back  upon 
the  first  six  months  of  my  apprenticeship  as  a  patternmaker  as,  on 
the  whole,  the  most  valuable  part  of  my  education.  Not  that  I 
gained  much  knowledge  during  that  time,  nor  did  I  ever  become  a 
very  good  patternmaker ;  but  tlie  awakening  as  to  the  reality  and  seri- 
ousness of  life  was  complete,  and,  I  believe,  of  great  value. 

Unfortunately,  laboratory  or  even  shop  work  in  the  Universitv, 
useful  as  they  are,  do  not  serve  at  all  the  same  purpose,  since  the 
young  man  is  surrounded  there  by  other  students  and  professors,  and 
lacks  the  actual  competition  of  men  working  for  a  living.  He  does 
not  learn  at  college  that,  on  the  whole,  the  ordinary  meclianics,  and 
even  poorly  educated  workmen,  are  naturally  al>out  as  smart  as  he  is, 
and  that  his  best  way  to  rise  above  them  lies  in  getting  his  mind  more 
thoroughly  trained  than  theirs,  and  in  learning  things  they  do  not 
know.  All  of  this  should  be  taught  him  throngh  six  months'  contact 
with  workingmcn. 

Let  me  repeat  that  our  college  graduates  are  the  best  picked 
body  of  men  in  the  community.  I  believe  that  it  is  possible  to  so  train 
young  men  that  they  will  be  useful  to  their  employers  almost  from 
the  day  that  they  leave  college ;  so  that  they  will  be  reasonablv  satis- 
fied with  their  new  work  instead  of  discontciUed  ;  and  to  place  them 
upon  graduating  one  or  two  years  nearer  success  than  they  now  are ; 
and  that  this  can  best  be  accomplished  by  giving  them  an  earnest 
purpose  through  six  months'  contact  early  in  their  college  life  witli 
men  working  for  a  living;  by  rigidly  prescribing  a  course  of  studies 
carefully  and  logically  selected,  and  with  some  definite  object  in 
view,  and  by  subjecting  them  to  a  discipline  comparable  with  that 
adopted  by  the  rest  of  the  world. 
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THE  ENGINEER  AS  A  CITIZEN 
ALEXANDER  C.  HUMPHREYS 

The  en^^ineer,  to  be  an  eng'ineer  in  anything  more  than  title,  must 
be  practical.  His  work  must  be  based  ujjon  correct  and  complete  the- 
ory, but  it  must  be  first  and  last  practical.  Can  the  engineer  be  prac- 
tical, can  he  economically  ap|)ly  tlu-  truths  of  nature  for  the  benefit 
and  convenience  of  mankind  :  in  other  words,  can  he  really  be  an  en- 
gineer unless  he  is  competent  to  practice  his  ])rofession  within  the 
necessary  commercial  limitations  and  in  accordance  with  standard 
business  methods?  Can  he  disregard  the  rpiestion  of  return  on  in- 
vestment? These  questions,  if  fairly  put,  answer  themselves.  But 
still  there  are  engineers  who  seem  to  believe  that  engineering  is  some- 
thing which  can  be  practiced  without  regard  to  money  values  and 
that  others  can  be  trusted  to  co-ordinate  the  engineering  and  com- 
mercial elements  of  the  enterprises  in  which  they  are  concerned. 
These  men  may  be  ingenious  mathematicians,  they  may  even  be 
eminent  as  scientists,  but  they  are  not  engineers.  The  man  who  is 
willing  to  spend  a  dollar  scientifically  to  save  fiftv  cents  cannot  be 
classed  as  an  engineer.  The  man  to  serve  the  cause  of  truth  must  be 
fully  qualified  to  practice  his  profession  in  conformity  with  the  lim- 
itations of  commercial  and  industrial  practice  :  to  the  knowdedge  and 
training  gained  in  the  school  of  engineering  he  must  have  added  that 
knowledge  and  training  which  is  to  be  gained  only  in  the  exacting 
school  of  experience. 

We  must  encourage  ourselves  in  the  reflection  that  our  engineer- 
ing courses  are,  after  all,  preliminary,  and  to  a  certain  extent,  ele- 
mentary, and  that  it  must  in  any  case  remain  for  each  student  after 
graduation  to  learn  thoroughly  all  the  details  of  some  one — possibly 
narrow — branch  of  engineering  or  industrial  operation.  While  every 
engineer-student  should,  after  four  years,  have  a  good  general  knowl- 
edge of  engineering  science  and  practice  and  be  thus  prepared  to  ac- 
quire rapidly  and  surely  a  specific  and  certain  control  of  some  one 
branch  of  the  profession,  we  must  recognize  that  we  cannot  graduate 
our  men  as  fully  equipped  engineers,  ready  to  assume  positions  of  re- 
sponsibility in  any  part  of  the  engineering  field.  And  are  not  the  em- 
ployers often  at  fault,  even  some  of  those  who  themselves  are  gradu- 
ates in  engineering,  in  expecting  the  young  graduate  to  be  able  at 
once  to  do  work  which  probably  the  employer  himself  was  not  qual- 
ified to  do  for  years  after  his  graduation?  Is  not  too  much  expected 
of  the  modern  education?  There  is  no  royal  road  to  learning;  there 
never  will  be,  and  no  progress  in  educational  methods  will  ever  relieve 
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the  students  from  the  hard  work  required  for  mental  discipHne  and 
specific  training. 

Is  it  not  probable  that  in  certain  directions  we  are  giving  our 
students  more  than  they  are  yet  prepared  to  assimilate  and  organize 
as  a  basis  for  action?  Should  they  not  be  subjected  to  a  well-bal- 
anced course?  Should  they  not  then  at  least  be  taught  the  necessity 
for  practicing  in  conformity  with  commercial  limitations  and  meth- 
ods? 

I  contend  that  every^  engineer-student  should  have  some  instruc- 
tion in  the  principles  of  accounting,  in  depreciation,  business  law,  pat- 
ent law,  banking,  specification,  and  even  of  sociology.  And  in  con- 
nection with  the  business  side  of  their  training  thev  should  be  made 
to  see  the  importance  of  the  correct  use  of  language.  They  should  be 
given  opportunities  to  see  how  the  work  of  the  world  is  impeded  and 
hindered  through  the  ambiguous  expression  of  thought.  They  should 
be  taught  that  it  is  not  enough  to  know,  but  that  they  must  be  able 
to  give  efifect  to  their  knowledge  through  the  use  of  correct,  clear,  ex- 
plicit and  forcible  language.  More  particularly  in  this  business  de- 
partment they  should  be  warned  by  those  who  can  speak  from  ex- 
perience of  the  pitfalls  into  which  they  are  liable  to  fall  and  especial- 
ly through  the  efforts  that  probably  will  be  made  to  purchase  their 
professional  opinions  if  these  opinions  prove  to  be  of  value.  Here, 
as  in  no  other  department,  can  the  ethics  of  the  profession  be  in\- 
pressed  upon  the  young  engineer-student.  As  religious  instruction  is 
excluded  from  engineering  courses,  it  is  all  the  more  incumbent  upon 
us  to  show  our  students  the  lines  alt  nig  which  they  should  practice  if 
they  wish  to  maintain  their  sc'lf-res])ect. 

Some  authorities  oppose  the  broadening  of  ovu"  schemes  of  in- 
struction on  the  score  that  necessarily  the  effect  nutst  be  to  make  them 
less  specific  and  more  sui)erficial.  Others  o])pose  making  the  ctnirses 
more  technically  spt'cific  on  the  score  that  nc^cessarilv  the  effect  nuist 
be  to  narrow  them.  I  wnturc  to  maintain  that  the  change  T  recom- 
mend would  broaden  tlu-  instruction  and  also  make  it  mc^re  thorough 
and  more  s])ecil'ically  adapted  to  the  needs  of  the  enuineer- stutlent. 
To  reach  this  result  the  selection  of  niatter  for  elimination  nnist  be 
made  with  the  utmost  care,  keeping  constantly  in  view  the  work 
tor  which  the  engineer-student  is  being  specifically  trained,  and  that 
we  are  not  only  giving  him  knowledge,  but  we  are  training  him  to 
think  straight,  and  tliat  it  will  remain  for  him  to  actpiire  in  the  scIkh)! 
of  ex])erience  th;it  additional  training  in  ajiplicalion  which  cannot  be 
obtained  elsewhere. 


EQUIPPING  CARS  WITH  ELECTRICAL  APPARATUS 

H.   I,   EMANUEL 

WHILE  the  equipping  of  cars  with  motors  and  control  ap- 
paratus may  appear  to  be  comparatively  simple  work, 
there  are  a  number  of  details  and  methods  of  installing 
that  are  probably  unfamiliar  except  to  those  who  have  been  engaged 
for  several  years  in  this  line  of  work.  Points  which  may  appear  self- 
evident  are  often  overlooked  and  afterwards  prove  to  be  a  source  of 
vexing  troubles.  The  grades  and  types  of  apparatus  change  from  year 
to  year  and  the  requirements  grow  more  exacting.  The  little  single 
truck  cars  with  their  motors  of  less  than  25  hp  have  given  way  to 
larger  and  heavier  cars  of  ever  increasing  size  and  Vv'eight.  Interur- 
ban  cars  with  coach,  smoker  and  baggage  compartments  provided 
with  modern;  conveniences  of  buffet,  toilets,  ice-cooler,  etc.,  and  having 
a  total  weight  of  100  000  pounds ;  equipped  with  heavy  motors  and 
trucks  capable  of  making  70  miles  per  hour  and  sometimes  making 
round  trips  of  250  miles,  are  an  actual  reality  of  to-day.  While  all 
this  has  taken  place,  the  amount  of  work  and  abuse  the  motors  can 
and  do  stand  with  little  or  no  care  has  been  increased.  By  the  use  of 
the  multiple  control  system  the  large  currents  required  by  heavy 
cars  can  be  handled  and  the  cars  can  be  coupled  together  electrically 
so  that  each  will  perform  it^  share  of  the  work  and  the  cars  can  be 
accelerated  automatically. 

When  the  car  body,  trucks  and  electrical  equipment  have  been 
brought  together  from  the  various  places  of  manufacture  there  still 
remains  an  important  step  in  the  construction  of  the  car  which  has  a 
considerable  bearing  on  its  future  reliability,  and  that  is  the  installa- 
tion of  the  apparatus.  No  matter  how  well  the  individual  pieces 
have  been  constructed,  if  the  proper  attention  is  not  given  to  the  in- 
stallation of  the  apparatus,  the  reliability  of  the  whole  car  is  liable 
to  be  impaired.  As  a  general  rule  it  may  be  said  that  no  provision 
is  made  for  installing  the  electrical  apparatus  while  a  car  is  being 
constructed.  The  airbrake  cylinders,  levers  and  rods  have  pretty 
definite  positions  and  little  change  can  be  made  in  their  location,  and 
hence  electrical  wires  and  apparatus  usually  have  to  take  whatever 
space  is  left.  To  get  the  best  results,  each  piece  of  apparatus  should 
be  placed  with  a  view  to  its  future  maintenance  and  accessibility.     It 
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should  be  in  close  proximity  to  any  apparatus  with  which  it  is  con 
nected  by  any  considerable  amount  of  wire  in  order  to  keep  down  th 
cost  of  material  and  installing.  Freedom  from  wheel  wash,  clear 
ance  of  trucks  and  balancing  of  the  car  body  should  all  be  given  at 
tention  in  laying  out  the  general  arrangement,  as  the  space  availabl 
under  the  car  is  usually  limited  and  there  are  objections  to  be  foun 
to  any  arrangement  selected. 

TLACING  THE  APPARATUS 

The  apparatus  should  be  so  placed  that  the  two  sides  of  the  ca 
body  carry  approximately  equal  weights.  If  the  car  is  out  of  ba 
ance,  some  of  the  apparatus  may  be  moved  from  the  heavy  side  neare 
to  the  center  or  from  the  light  side  further  away  from  the  cente 
The  distance  between  a  perpendicular  line  through  the  center  of  graA 
ity  of  the  piece  of  apparatus  and  a  line  drawn  through  the  center  c 
the  car  between  the  two  king  pins  multiplied  by  the  weight  of  t\ 
apparatus  is  the  true  value  of  weight  that  should  be  credited  to  th; 
side  of  the  car,  i.  e.,  200  pounds  at  a  distance  of  one  foot  from  tl' 
center  line  and  100  pounds  two  feet  from  the  center  line  have  equ; 
value.  If  proper  consideration  is  not  given  to  balancing  it  will  prol 
ably  be  found  that  the  car  will  list  to  one  side  after  it  has  been  ope 
ate'd  for  some  time.  If  the  sum  of  the  products  of  weight  times  di 
tance  are  approximately  within  ten  per  cent  of  each  other  the  c; 
springs  will  take  care  of  the  discrepancy. 

CLEARANCE  AROUND  TRUCKS 

A  space  should  be  lefr  around  the  trucks  to  allow  the  truck  to  r 
volve  around  the  smallest  radius  curve  the  system  may  have.  Tl 
amount  of  space  required  for  this  may  be  determined  by  measurii 
upon  the  truck  the  horizontal  distance  from  its  center  bearing  to  tl 
corner  of  the  truck  or  to  any  other  point  of  greater  horizontal  di 
tance,  should  there  be  such.  This  distance  used  as  a  radius  with  tl 
kink  pin  as  a  center  can  then  be  laid  off  on  the  car  body.  No  wirii 
or  piping  should  be  placed  between  the  car  body  and  the  wheels, 
the  body  will  be  nearer  the  wheels  vvdien  loaded  than  when  light, 
the  car  body  is  on  the  trucks  the  distance  that  the  elliptical  spring 
open  plus  about  one  inch  additional  allowance  for  closing  the  spii 
spring,  will  give  the  clearance  rcciuired  above  the  wheels.  If  the  c 
body  is  not  on  the  trucks  the  clearance  can  be  ascertained  by  ut 
izing.  in  addition,  measurements  that  can  be  obtained  through  the  si 
bearings. 
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WIRING   UP   MOTOR  LEADS 

The  motor  leads  are  soiiietinies  a  souree  of  a  great  deal  of  trou- 
ble. Often  they  are  left  hanging  loose  in  a  long  twisted  snarl  where 
they  ean  catch  on  the  motor  cover,  latches,  wheels  or  other  projec- 
tions as  the  car  passes  around  curves.  Thus  the  insulation  is  con- 
stantly being  rubbed  and  numerous  short-circuits,  delays  to  the  car 
and  expenses  for  rei)airs  result.  Motor  leads  can  be  put  up  so  that 
they  will  be  as  free  from  trouble  as  any  other  portion  of  the  car  wir- 
ing. The  leads  should  be  brought  from  the  point  where  they  emerge 
from  the  motor  case  to  the  flat  surface  on  top  of  the  motor  and  se- 
cured on  this  surface  by  a  hardwood  cleat  about  twelve  inches  long 
which  is  fastened  to  the  motor  case  by  two  tap  bolts.  In  passing 
through  this  cleat  the  leads  should  be  spaced  about  one  and  one-half 
to  two  inches  apart  and  pass  up  to  the  car  body  in  the  shape  of  a  "U" 
or  "S,"  leaving  the  necessary  slack  required  for  the  turning  of  the 
truck.  The  motor  leads  should  be  secured  to  the  car  body  by  a  sim- 
ilar wood  cleat  and  then  should  come  the  usual  clasp  connector.  This 
leaves  only  the  extra  flexible  wire,  of  which  the  motor  leads  are 
made,  to  be  affected  by  the  car  movement.  If  the  cleat  is  not  placed 
on  the  car  body  between  the  clasp  connector  and  the  motor,  the  sol- 
dered wire  at  the  connector  is  liable  to  break.  The  nearer  the  cleats 
are  brought  to  the  king  pin  both  on  the  car  body  and  the  motor,  the 
less  will  be  their  relative  movement  and  the  amount  of  slack  wire 
required. 

W[RING   UP  LIGHTS.  ETC. 

The  lights,  switches  and  heaters  are  some  of  the  principal  con- 
tributors to  the  origin  of  a  large  proportion  of  flres  which  occur. 
Flexible  wire  only  should  be  used  in  these  circuits  and  splicing  should 
be  avoided  as  far  as  possible.  The  fastening  of  wire  at  two  points, 
with  slack  between  so  that  it  may  vibrate  with  the  motion  of  the  car, 
should  be  avoided.  Some  roads  have  gone  so  far  as  to  solder  the 
wires  into  place  in  the  lamp  sockets  after  they  have  been  secured  by 
the  screws. 

The  head-light  resistance  should  be  especially  looked  after,  for 
if  the  head-light  carbons  get  together  and  fail  to  pick  up  the  in- 
creased current  flowing  will  result  in  considerable  heat  arising  from 
this  resistance. 

Small  switches  which  are  not  mechanically  strong  should  be 
avoided.  An  improperly  operating  contact  on  a  snap  switch  is  liable 
to  hold  an  arc  when  turned  off.    Placing  fuses  and  switches  in  a  fire- 
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proof  cabinet  reduces  the  risk  of  fire  and  usually  simplifies  the  wir- 
ing. 

INSTALIvING  RHEOSTATS 

Rheostats  should  be  placed  so  that  there  is  considerable  free  air 
space  above  them  and  so  that  the  heat  arising  from  them  can  be  eas- 
ily dissipated.  The  use  of  asbestos  or  other  fire-proofing  on  the  car 
bottom  above  the  rheostats  affords  excellent  protection.  The  jump- 
ers between  the  rheostats  and  the  wires  leading  to  the  rheostats  can 
with  advantage  have  their  insulation  removed.  This  obviates  the 
chance  of  heat  from  the  rheostats  or  an  imperfect  contact  at  the  ter- 
minals setting  the  insulation  on  fire  and  transmitting  it  to  the  car 
body. 

Neat  and  well  constructed  work  has  the  advantage  not  only  in 
appearance,  but  it  is  well  worth  while  on  account  of  the  reliability 
which  goes  with  it.  Vice  versa  poor  looking  work  is  seldom  either 
reliable  or  economical. 


TESTING  LARGE  MOTORS,  GENERATORS  AND 
MOTOR-GENEATOR  SETS— IV 

RAILWAY  CAR  AND  LOCOMOTIVE  EQUIPMENTS 
H.  L.  BEACH 

THE  ideal  testing  outfit  for  exhaustive  tests  on  railway  car 
equipment  would  consist  of  a  number  "of  miles  of  track 
•having  grades  and  curves  of  various  kinds,  trolley  wires 
and  third  rails  supplied  with  both  alternating  and  direct  current  and 
several  cars,  varying  in  size  and  weight,  so  that  all  kinds  of  service 
encountered  in  actual  practice  could  be  reproduced.  An  ecjuipment 
of  this  kind  would,  however,  be  impracticable.     Each  variation  in 
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FIG.    I — GENERAL  VIEW   OF  FLY-WHEEL  TEST 

equipment  to  be  tested  might  require  an  additional  car  or  locomotive, 
the  parts  would  have  to  be  arranged  with  the  proper  gears  and  pin- 
ions, the  proper  section  of  the  test  track  would  have  to  be  cleared  of 
all  traffic,  to  allow  a  continuous  and  uninterrupted  test  and  then  a 
motorman  would  have  to  reproduce  over  and  over  again  the  prede- 
termined conditions  of  the  test  in  their  proper  sequence  and  time. 
Even  if  the  expense  of  such  an  equipment  was  not  prohibitive  it 
would  hardly  be  possible  to  lay  out  a  track  which  would  reproduce 
all  the  probable  required  variations  in  grade  and  curvature. 

THE  APPARATUS 

An  equipment  has  been  designed  and  constructed  at  the  works 
of  the  Electric  company  to  produce  results  equivalent  to  those  that 
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would  be  obtained  if  the  equipment  was  actually  run  over  the  tra( 
on  which  it  was  planned  to  be  used.  A  general  view  of  this  te 
outfit,  known  as  the  "fly-wheel  test,"  is  shown  in  Fig.  i.  It  consis 
essentially  of  a  long  shaft  with  two  heavy  fly-wheels  mounted  ther 
on.  The  shaft  is  divided  into  four  sections  which  may  be  connect^ 
together  by  flange  couplings.  All  the  sections  are  supported  1 
bearings,  the  end  sections  being  of  such  a  length  as  to  accommoda 
two  large  railway  motors  between  the  bearings.  The  two  midc 
sections  of  shaft  carry  fly-wheels  which  have  large  prony  brak 
fastened  securely  to  them. 
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I'lG.     2 — DKTAIL    VIEW     OF    (INK     FI.V-W  IlKF.t,     .VNH 
rW^NV    liUAKK 

The  work  done  by  a  nuitor  in  starting  a  car  or  locomotive  ni 
be  divided  into  two  parts,  that  used  in  overcoming  friction  and  tli 
used  to  overcome  inertia.  The  dcsiroil  equivalent  friction  load 
obtained  in  [\\c  hearings  of  tlu-  outfit.  If  the  test  requires  a  great 
friction  loatl  than  that  obtainable  in  the  bearings,  the  athlitional  lo; 
is  easily  obtained  by  the  use  of  the  prony  brakes  which  are  of  t 
ordinary  tyjx?,  but  of  very  large  capacity  and  controlled  by  coi 
pressed  air  as  shown  in  Fig.  2.     The  brake  drum  is  kept  from  ovc 
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heating  by  the  usual  method  of  supplying  water  to  its  inner  pe- 
riphery. 

The  inertia  of  a  car  is  a  quantity  depending  upon  its  weight  and 
rate  of  acceleration,  Since  the  direction  of  acceleration  is  not  a 
modifying  feature  the  desired  inertia  may  be  supplied  by  large 
masses  moving  in  circular  paths  and  this  is  furnished  by  the  fly- 
wheels. The  inertia  eflfect  of  any  car  within  practical  limits  may  be 
obtained  by  varying  the  rate  of  acceleration  which  is  done  by  a 
proper  selection  of  gears  and  pinions  and  by  the  use  of  the  brakes. 


FIG.    3 — AIR   BRAKE    CONTROL   BOARD 

If  the  motors  are  large,  both  brakes  and  fly-wheels  may  be  required. 
If  the  motors  are  small,  one  wheel  is  usually  sufficient.  Four  mo- 
tors may  be  tested  at  once  by  putting  two  on  each  of  the  end  sections 
of  the  shaft. 

The  electrical  control  of  the  motors  can  be  obtained  in  almost 
any  manner  desired.  A  hand  controller  such  as  is  used  on  small 
street  cars  may  be  used  or  the  motors  connected  as  in  an  ordinary 
laboratory  test  using  knife  switches  and  a  rheostat,  or  the  unit  switch 
control  may  be  used.     The  last  named  method  is  the  one  ordinarily 
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used  and  is  by  far  the  most  satisfactory  as  the  operation  of  the  indi- 
vidual switches  can  be  controlled  from  a  distance  and  the  circuits  to 
be  manipulated  by  hand  or  by  the  auxiliary  control  apparatus  are 
very  small  and  thus  easily  handled.  Any  kind  of  resistance  may 
be  used,  but  it  is  found  that  the  grid  type  of  railway  diverter  as 
shown  on  top  of  the  wooden  supporting  frame  in  Fig.  i  is  most  sat- 
isfactory. 

The  control  of  the  brakes  is  obtained  through  an  air  control 
board,  as  shown  in  Fig.  3.  This  board  contains  valves,  connections 
and  pressure  gauges  arranged  so  that  either  brake  may  be  operated 
alone  or  they  may  be  operated  together.  The  air  supply  may  be  con- 
trolled by  hand  or  through  the  operation  of  electro-magnetic  valves. 
The  pressure  on  the  brakes  may  be  varied  so  that  one  brake  will 
have  a  continuous  pressure  of  a  certain  desired  amount,  while  the 
other  brake  pressure  may  be  anything  desired.  Low  pressure  on 
the  brakes  is  obtained  through  reducing  valves  and  relief  valves,  so 


FIG.    4 — CONTROLLING    MECII.\NIS.M 

that  tlie  reservoir  pressure  may  be  reduced  to  the  pressure  desired 
for  the  brake.  Uy  referring  to  Fig.  3  the  arrangement  of  this  ap- 
paratus may  be  readily  seen.  The  three  magnet  valves  are  at  the 
top  with  an  air  whistle  connected  to  the  center  one.  The  relief 
valves  arc  mounted  at  cither  end  of  the  board  with  levers  and 
weights  and  the  reducing  valves  are  mounted  in  a  row  near  the  bot- 
tom of  the  board.  'I'wo  standard  niotorman's  brake  valves  liolow 
the  1)oard  are  connected  one  to  each  lirake. 

The  control  of  the  electro-])neninatic  unit  switches  may  be  ob- 
tained through  the  operation  of  a  master  controller  or  thrt>ugh 
the  o])eration  of  a  small  commutating  switch  as  in  i'^ig.  4.  This 
coniniutating  switch  consists  of  a  drum  of  insulating  material 
about  six  inches  in  diameter.  nu)UiUed  on  a  shaft  and  geared 
to  a  small  direct-current  motor.  Stationary  contact  fingers  insulated 
from  each  other  iK'ar  on  the  surface  of  this  drum.  Connections  be- 
tween the  fingers  are  obtained  by  mounting  contact  plates  on  the 
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surface  of  the  drum.  Any  desired  combination  of  connections  be- 
tween the  contact  fingers  may  be  laid  out  on  the  drum  so  that  the 
connections  will  be  made  in  regular  sequence  when  the  drum  is  re- 
volved. The  time  of  revolution  of  the  drum  may  be  regulated  by 
resistance  in  the  driving  motor  circuit  and  when  the  speed  is  ad- 
justed, the  desired  sequence  of  connections  may  be  repeated  with 
absolute  regularity  for  any  length  of  time.  This  is  important  as  it 
eliminates  entirely  the  personal  factor  in  testing  due  to  the  manual 
operation  of  the  switches  and  insures  absolutely  uniform  results. 
Once  set  the  apparatus  will  run  indefinitely  with  no  attention  other 
than  a  general  oversight  of  bearings,  brakes  and  motors  to  see  that 
the  apparatus  is  kept  in  good  running  order  and  is  not  overheating. 

METHOD   OF    TESTING 

The  test  equivalent  to  the  run  a  motor  will  be  required  to  per- 
form in  actual  service  is  obtained  in  the  following  manner.  Speed 
time  curves  are  plotted  of  the  run  a  car  will  make  over  the  road  on 
which  the  motor  is  to  be  used.  These  curves  are  then  averaged  and  a 
typical  run  curve  is  plotted,  which  represents  the  average  energy 
the  motor  must  produce  in  starting  the  car,  accelerating  it  to  a  given 
speed,  cutting  off  the  current  and  letting  it  coast  for  a  certain  time, 
applying  the  brakes,  stopping  the  car  and  allowing  it  to  stand  for  a 
given  time.  This  run  repeated  for  the  length  of  time  the  car  is  to 
run,  will  make  the  same  demand  on  the  motor  as  the  actual  run  of 
the  car.  A  set  of  typical  run  curves  as  above  described  is  shown  in 
Fig.  5.  Three  curves  are  shown,  one  of  amperes,  another  of  volts  and 
a  third  of  miles  per  hour,  all  plotted  with  respect  to  time  in  seconds. 
An  examination  of  these  curves  will  show  that  in  this  case  the  car 
is  started  and  brought  to  full  speed  in  twenty  seconds,  that  is,  all  the 
resistance  is  cut  out  in  twenty  seconds.  The  car  then  runs  nine  and 
one-half  seconds  when  the  power  is  shut  off  and  it  is  allowed  to 
coast.  The  brakes  are  then  applied  and  the  car  is  stopped  so  that 
the  total  running  time  will  be  fifty-seven  and  one-half  seconds.  A 
stop  of  twenty  seconds  is  allowed  and  the  run  is  then  repeated. 

This  result  as  accomplished  on  the  fly-wheel  test  is  obtained  in 
the  following  manner: 

First,  calculations  are  made  to  determine  the  number  and  value 
of  the  steps  necessary  in  the  grid  diverters  to  keep  the  accelerating 
current  at  approximately  192  amperes  as  shown  on  the  curve  of  am- 
peres. The  connections  are  then  made  to  the  motors  by  unit 
switches  there  being  as  many  circuits  as  there  are  steps  in  the  resist- 
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ance  plus  one  to  close  the  main  circuit.  This  done,  the  next  thing 
is  to  regulate  the  speed  of  the  small  motor  shown  in  Fig.  4,  so 
that  the  drum  will  make  one  revolution  in  seventy-Seven  and  one- 
half  seconds,  this  being  the  length  of  time  for  one  run.  On  the  sup- 
position that  there  are  live  steps  of  resistance,  contacts  will  be  laid 
out  on  the  drum  equally  distant  apart,  and  arranged  so  that  the  bat- 
tery connections  are  made  to  the  unit  swiches,  one  at  a  time  four 
seconds  apart,  thus  cutting  out  all  the  resistance  in  twenty  seconds. 
These  contact  plates  on  the  drum  will  be  arranged  so  that  contact 
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will  be  broken  when  the  drum  has  moved  for  twenty-nine  and  one- 
half  seconds.  There  will  then  be  a  blank  space  in  the  drum  until 
the  point  is  reached  when  it  is  necessary  to  put  on  the  brakes.  At 
this  point  contacts  will  be  made  on  the  drum  which  will  connect  the 
battery  to  one  of  the  valve  magnets,  shown  in  I'ig.  ^^.  thus  putting 
the  air  pressure  on  the  brakes  and  stopping  the  motors.  The  air 
pressure  on  the  brakes  is  regulated  by  trial  to  such  a  value  that  the 
motor  will  be  stopped  exactly  fifty-seven  antl  t^ne-half  seconds  from 
the  time  it  started  and  the  contacts  on  the  drum  may  be  cut  offi-xit 
this  point  so  that  the  brakes  will  be  otT  before  it  is  time  to  start  the 
run  again.  A  sketch  of  the  development  of  the  drum  for  such  a  set  of 
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coiKlilions  as  above  descrihcd  is  shown  in  \'\'^.  6.  ( )ne  terminal  of 
each  of  the  valve  magnets  of  the  unit  switches  is  connected  to  the 
negative  side  of  a  battery  and  the  positive  side  is  brought  to  the 
finger  lettered  B-\-  on  the  sketch.  Wires  to  the  other  terminals  of 
the  valve  magnets  of  the  various  switches  are  lettered  i,  2,  5,  ^,  5 
and  6  and  the  wire  to  the  l^rake  magnet  is  lettered  B.  A  simple 
diagram  of  this  scheme  of  connections  is  shown  in  the  upjjer  part  of 
Fig.  6.  The  distance  of  1175  f^^t  called  for  on  the  curve,  being  the 
distance  the  car  would  run  on  this  typical  run,  is  obtained  by  noting 
the  number  of  revolutions  the  motors  would  have  to  make  if  they 
were  mounted  on  a  car  and  geared  to  the  axles.  The  equivalent 
number  of  revolutions  of  the  shaft  is  then  ascertained  and  is  obtain- 


Switches 


FIG.   6 — SCHEMATIC   DIAGRAM    OF   CONNECTIONS   AND  DEVELOPMENT   OF 
CONTROL   DRUM 

Dotted   lines   represent  ten   second   intervals. 

ed  by  increasing  or  decreasing  the  load  of  the  motors.  By  the 
proper  manipulation  of  the  two  brakes  and  tly-whecls  the  load  may 
be  adjusted  so  that  it  is  equivalent  in  its  effect  on  the  motor  to  the 
load  as  obtained  with  any  sized  car  in  actual  railway  service. 

Another  method  of  making  this  same  test  is  by  using  a  standard 
multiple  unit  car  equipment  of  any  type.  The  accelerating  current 
of  the  proper  value  is  obtained  through  the  regulation  of  the  grid 
diverters  and  the  limit  switches  used  with  the  equipment.  The 
speed  of  cutting  out  this  resistance  is  regulated  by  the  load  on  the 
motors,  which  is  regulated  as  before  described  by  the  manipulation 
of  the  brakes  and  fly-wheels.  In  this  case  the  master  controller  of 
the  equipment  would  be  fastened  in  the  full  running  position  and 
the  positive  battery  connection  to  the  master  controller  would  be  run 
through  the  drum  of  the  commutating  switch  shown  in  Fig.  4. 
When  running  in  this  way  only  three  contact  fingers  are  required. 
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The  contacts  on  the  drum  would  consist  of  two  strips,  one  to  make 
contact  between  the  positive  side  of  the  battery  and  the  master  con- 
troller wire  for  a  distance  on  the  drum  equivalent  to  twenty-nine 
and  one-half  seconds  movement  and  the  other  as  before  for  the  brake 
magnet. 

The  control  in  the  last  described  case  will  of  course  handle  the 
motors  in  series  parallel  combinations  and  it  will  be  necessary  to 
have  two  or  four  motors  according"  to  the  equipment  to  be  used  on 
the  car,  but  by  using  the  series  parallel  bridging  system,  as  described 
in  a  previous  article  in  the  Journal*,  it  will  be  seen  that  the  value 
of  the  accelerating  current  on  the  motors  is  the  same  in  series  and  in 
parallel  and  is  not  interrupted  at  the  point  of  transition  so  that 
the  actual  effect  on  the  motors  is  the  same  as  when  operating  one 
motor  alone. 

The  test  of  control  apparatus  is  obtained  in  the  same  way  as  the 
test  of  motors,  the  only  difference  being  that  the  effect  of  the  run  is 
noted  on  the  control  apparatus  instead  of  on  the  motor  and  the  abil- 
ity of  control  apparatus  to  withstand  the  operation  of  a  certain  sized 
motor  is  easily  ascertained  by  connecting  the  two  kinds  of  appara- 
tus together  on  the  testing  outfit  and  making  a  typical  run  as  above 
described,  taking  temperatures  on  the  control  to  see  that  the  heating 
is  not  excessive. 

The  graduation  of  the  various  steps  in  the  grid  diverter,  to  be 
supplied  with  a  car  equipment  may  be  easily  checked,  to  determine 
the  correctness  of  the  calculations,  with  this  outfit  by  placing  an 
ammeter  in  the  circuit  leading  to  one  of  the  motors  and  noting  the 
fluctuations  in  current.  These  fluctuations  should  be  the  same  as 
each  step  of  the  diverter  is  cut  out  so  as  to  keep  the  acceleration  of 
the  car  at  a  constant  value  until  all  the  resistance  is  cut  out  of  the 
motor  circuit  and  the  motors  are  runnini'"  on  full  voltage. 


*See   The  Electric  Journal,  Vol.  TIT.,  p.  u",  April,   1906. 


EXPERIENCE  ON  THE  ROAD 

PRESSING  ON  ARMATURES 

S.  L.  SINCLAIR 

THE  pressing  of  armatures  on  engine  shafts  forms  an  import- 
ant part  of  the  work  of  an  erecting  engineer.  Important 
as  the  subject  is  the  writer  has  seen  but  httle  data  bearing 
upon  the  subject.  This  may  be  because  the  work  is  of  such  a  char- 
acter as  to  require  long  experience  to  secure  known  and  satisfactory 
results  and  because  each  "fit"  may  have  different  proportions  and 
characteristics.  One  or  two  thousandths  of  an  inch  may  make  but 
little  difiference  in  the  shop,  where  every  facility  is  at  hand  for  this 
class  of  work,  yet  on  the  road  a  miscalculation  to  that  extent  may 
cause  much  trouble  and  delay,  if  one  has  to  use,  for  instance,  a 
much  used  bolt  with  poor  threads  and  a  wrench  with  jaws  several 
sizes  too  large,  requiring  blocking,  and  in  addition  to  this  being  too 
-light  for  the  work. 

The  writer  recalls  one  case,  and  the  only  case  where  he  had  to 
take  off  an  armature  before  it  was  pressed  "home."  In  this  in- 
stance the  armature  had  been  pressed  to  within  one  and  one-half 
inches  of  its  proper  position  when  the  wrench  broke.  Another 
could  not  be  secured  until  the  following  day.  Having  then  a  satis- 
factory wrench  the  bolt  was  not  sufficiently  strong  to  start  the  arma- 
ture after  standing  several  hours  and  an  hydraulic  ram  had  to  be 
secured  to  complete  the  job.  In  some  cases  the  "actual"  difference 
in  diameter  for  fit  may  be  found  to  be  excessive.  This  can  best  be 
overcome  by  enlarging  the  armature  bore.  Time  expended  on  filing 
or  scraping  is  profitable  in  comparison  with  the  time  that  may  be 
lost  if  one  takes  chances  on  the  fit,  resulting  frequently  in  the  arma- 
ture sticking,  consequent  withdrawal  and  finally  filing,  as  should 
have  been  done  in  the  first  place.  The  writer  has  filed  many  hours 
in  hot  engine  rooms  in  preference  to  having  too  tight  a  fit  with  its 
uncertain  results.  A  key  out  of  line  and  other  unknown  obstacles 
frequently  upset  one's  calculations  and  an  armature  will  go  on  hard- 
er than  was  expected.  In  an  extreme  case  of  this  kind  the  use  of 
hot  irons  placed  about  the  armature  hub  will  expand  it  sufficiently 
to  allow  the  armature  to  be  pressed  home,  which  could  not  otherwise 
be  done  without  a  heavier  bolt  or  rods  as  the  case  may  require.     If 
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heat  is  used  great  care  should  be  takeu  to  prevent  overheating  the 
armature  winding. 

For  pressing  on  the  armatures  of  small  units,  say  up  to  200  kw, 
a  single  bolt  is  preferable  to  two  side  bolts.  The  bolt  is  screwed 
into  the  end  of  the  shaft,  as  shown  in  Fig.  i.  After  placing  the 
armature  on  the  shaft  as  far  as  it  will  go  without  pressure,  a  piece  of 
pipe,  slightly  larger  than  the  shaft  diameter,  is  placed  over  the  bolt 
and  shaft  and  against  the  armature  core.  At  the  outer  end  of  the 
pipe  is  placed  a  large  washer  or  strong  block,  against  which  the 
nut  presses.  The  bolt  and  pipe  should  be  of  sufficient  length  to  allow 
the  armature  to  be  pressed  on  all  the  way  without  change  of  pipe, 
etc.,  thereby  saving  much  time. 


Another  device  for  attaining  similar  results  is  a  combined  screw 
and  hydraulic  jack  which  can  readily  be  secured  to  the  end  of  the 
shaft.  The  single  bolt  is  especially  desirable  when  pressing  arma- 
tures on  shafts  of  center-crank  engines,  as  blocking  the  crank  at  E, 
Fig.  I,  is  an  uncertain  guard  against  straining  it  with  side  bolts, 
when  it  is  necessary  to  pull  on  the  far  end  of  the  shaft. 

To  summarize  the  matter  briefly,  use  for  taking  measurements 
a  reliable  outside  caliper,  an  inside  micrometer  caliper  and  allow 
sufficient  time  to  measure  the  entire  surface  carefully.  Fit  the  key 
to  the  armature  keyway.  Secure  reliable  bolts  and  wrenches  and 
get  everything  required  together  before  starting  to  press  on  the 
armature.  Cover  the  shaft  and  bore  of  the  armature  with  white 
lead  and  oil,  which  is  the  best  lubricant  for  the  purpose,  and  after 
starting  keep  the  anualurc  moving  until  it  is  all  llio  way  on. 
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TECHNICAL  EDUCATION. 

A  Letter  by  Frank  J.  Sprague. 


One  of  the  apprentices  in  the  works 
of  the  Electric  Company  recently  re- 
quested permission  to  publish  a  personal 
letter  from  Mr.  Sprague  written  several 
years  ago,  which  had  been  instrumental 
in   directing  his  career. 

A  part  of  the  letter  from  the  appren- 
tice reads  as  follows : 

"Since  I  have  been  here  I  have  run 
across  several  young  men  who  have  dif- 
fered with  me  in  regard  to  the  value 
of  a  technical  education.  Not  a  few  of 
these  have  had  the  choice  from  their 
parents  of  either  going  to  college  or  go- 
ing to  work.  What  I  might  call  their 
lack  of  foresight  or  mability  to  under- 
stand exactly  what  they  were  'up 
against,'  has  prompted  them  to  choose 
the  latter  course,  because  of  its  imme- 
diate returns.  I  believe  that  a  little  ad- 
vice from  men  of  standing  would  turn 
such  young  men  to  the  former  course 
for  their  own  good.  The  wide  distribu- 
tion of  such  sentiments  as  are  expressed 
in  your  letter  is  what  is  needed,  and  it 
is  my  purpose  in  writing  to  ask  your 
permission  to  publish  your  letter  in  The 
Electric  Journal.'' 

Mr.  Sprague  says  in  his  reply :  "I 
feel  quite  as  strong  now  as  formerly 
that  a  thorough  technical  training  is  al- 
most invariably  vital  to  any  future  suc- 
cess in  the  general  electrical  field,  and  if, 
as  you  suggest,  the  publication  of  the 
letter  can  do  any  good,  you  are  entirely 
at  liberty  to  use  it." 

The  original  letter  of  Mr.  Sprague 
reads  as  follows : 

■'On  account  of  the  rapid  growth  of 
electrical  industries  and  the  variety  of 
departments,  it  is  but  natural  to  think 
that  in  that  profession  a  young  man  will 
have  a  greater  opportunity  of  success, 
or  at  least  of  reasonable  livelihood,  than 
in  other  walks  of  life  which  may  seem 
less  crowded. 

"I  think,  however,  that  unless  a  boy 
has   distinctive   mechanical,    as    well    as 


electrical  tastes  and  natural  equipment, 
success  is  not  much  more  likely  in  the 
electrical  than  in  any  other  field.  But, 
in  any  case,  if  one  is  to  rise  above  the 
ordinarv  level,  it  is  now  I  think  essential 
that  he  shall  have  a  thorough  ground- 
work of  technical  education. 

"This  was  not  so  essential  in  the  ear- 
lier days,  and  especially  if  one  had  any 
marked  talent,  but  the  electrical  profes- 
sion is  now  being  reinforced  everywhere 
by  young  men  who  have  had  all  the 
advantages  obtained  in  the  best  schools 
here  and  abroad,  many  of  whom  enter 
into  practical  work  in  manufacturing 
establishments,  or  into  construction 
work. 

"A  boy  who  starts  from  a  high  school 
and  goes  into  an  electrical  establishment 
is  heavily  handicapped;  he  has  not  that 
class  of  electrical  knowledge  which  will 
make  him  of  any  value  in  designing  and 
testing  electrical  apparatus,  hence  he  is 
almost  always  driven  to  ordinary  ma- 
chine electrical  work,  which  will  offer 
no  more  than  moderate  pay  and  liveli- 
hood. 

■'I  would  especially  advise  that  the  boy 
make  every  effort  to  get  such  education 
as  is  provided  by  Cornell,  Stevens,  or 
the  Massachusetts  Institute  of  Technol- 
ogy. It  may  be  hard  work,  and  the  get- 
ting of  that  education  attended  by  sac- 
rifice and  lack  of  luxuries,  but  there  is 
no  time  in  his  life  when  he  can  better 
make  that  fight  and  when  probabh^  he 
will  have  less  responsibility  as  to  others 
than  now. 

"I  have  seen  so  many  good  men,  who, 
a  few  years  ago,  were  quite  on  a  par  in 
all  ordinary  electrical  matters  with  oth- 
ers, gradually  settle  back  solely  because 
they  did  not  have  a  technical  education, 
that  now,  when  it  is  so  vital,  and  when 
every  young  man  who  goes  into  this 
work  has  to  compete  with  men  who  are 
trained,  I  look  with  a  great  deal  of  re- 
luctance upon  seeing  a  boy  start  at  one 
of  the  electrical  manufacturing  com- 
panies instead  of  where  he  can  get,  what 
he  cannot  get  later,  a  proper  ground- 
work for  his  success." 


CONTRIBUTORS  TO  THE  JOURNAL  FOR  1906 

DURING  the  past  year  nearly  one  hundred  names  appeared  on 
the  author  hst  of  the  Journal.  In  addition  to  the  articles 
written  expressly  for  the  Journal,  several  which  have  been 
presented  elsewhere  have  been  reprinted,  in  some  cases  with  special 
revision  by  the  authors. 

The  list  of  the  contributors  for  the  year  with  some  notes  regard- 
ing them  and  their  work  will  be  of  interest  to  the  readers  of  the 
Journal. 

A  considerable  proportion  of  the  contributors  are  members  of 
the  Electric  Club,  by  which  the  Journal  is  published.  In  general, 
the  contributors  are  members  of  the  Club,  and  are  connected  with 
the  Westinghouse  Electric  &  Manufacturing  Company  unless  other- 
wise noted. 


C.  L.  ABBOTT  was  with  the  Short 
Electric  Railway  Company  for  five  years 
and  the  Walker  Electric  Company,  of 
Cleveland,  for  five  vears.  He  has  been 
with  the  Electric  Company  since  1899 
and  is  now  district  engineer  for  New 
England. 

E.  G.  A'CHESON,  discoverer  and  in- 
ventor of  carborundnm,  organizer  of  the 
Carborundum  Company,  the  Interna- 
tional Acheson  Grapliite  Company,  the 
Siloxicon  Articles  Company,  president 
The   Acheson    Comnanv,    Niagara    Falls. 

H.  B.  ALVERSON,  snipcrintendent 
The  Cataract  Power  &  Conduit  Com- 
pany,  Buffalo,  N.   V. 

H.  C.  AYRES,  manager  and  sujjcrin- 
tcndent  of  the  Greenville  (Ohio)  l^lec- 
trict    Light   &    Power   Companv. 

C.  W.  BAKICR  (Queen's  Univ..  05) 
commenced  the  Electric  Company's  ap- 
prenticeship course  in  1905  and  is  still 
on  the  course.  He  is  paying  especial  at- 
tention  to  meters  and  relavs. 

H.  S.  P.AKI'R  (Queen's  Univ.,  '02) 
tiidk  tlie  apprenticeship  course  at  tin- 
i"",lectric  Comp;in\'s  works,  after  wliicli 
he  entered  tlie  engineering  deparlment. 
Since  last  May  he  has  l)een  with  tlie 
Ontario  Power   Com))anv. 

J.  M.  B.^RR,  (Univ.  of  Wisconsin. 
'94),  after  graduation,  studied  abroad 
for  a  year  and  then  took  a  three  years' 
apprenticeship   in   a   large   railway   shop, 


after  which  he  took  the  Electric  Com- 
pany's apprenticeship  course.  He  has 
been  connected  with  the  testing  and  en- 
gineering departments  and  was  for  some 
time  assistant  to  the  manager  of  indus- 
trial and  power  division.  Recently  he 
has  been  transferred  to  the  manager  of 
works  office. 

W.  B.\RNES,  JR..  crane  inspector,  the 
IHcctric  Company,  has  been  connected 
with  the  testing  and  works  operating  de- 
partments for  several  years,  and  at 
present  has  general  charge  of  a  large 
number  of  electric  cranes  and  elevators 
of  various  sizes. 

H.  L.  BE.VCII  (Ohio  State  Univ., 
'04)  entered  the  apprenticeship  course 
of  the  Electric  Companv  in  the  sunmier 
i>f  1904.  Since  July,  1905.  he  has  been 
connected  witli  the  railway  engineering 
department,  where  he  is  specializing  on 
the  design  of  multiple-unit  control 
e(|uipnuMits. 

J,  !>:.  I'.ir.lMXS  (Univ.  of  Mich..  '09^ 
after  tiiree  montlis'  general  tiraugliting 
work  with  the  lX'tr(nl  iMlison  Company, 
was  for  six  months  operating  electrician 
for  tlie  public  lighting  connnission  of 
Detroit.  He  then  spent  fmirteen 
months  on  general  engineering  work  on 
power  station  deveIoi)nient  with  the  De- 
troit Edison  Company.  For  one  year 
he  was  assistant  electrical  engineer  of 
the  Detroit  United  Railways.  Since  1902 
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he  has  been  technical  writer  for  the 
Westinghouse  Machine  Company,  his 
work  embracing  the  examination  and 
reporting  of  power  plant  work  and  de- 
velopments in  power  plant  machinery. 

WILLIAM  BRADSIIAW  (Western 
Univ.  of  Pa.,  '97)  was  electrician  at  the 
Schoenberger  Steel  Company  for  two 
years  and  later  was  with  the  Schoen 
Pressed  Steel  Company.  Since  1899  he 
has  been  in  the  engineering  department 
of  the  Electric  Company,  where  he  has 
become  an  expert  in  the  designing  and 
testing  of  electrical  measuring  instru- 
ments. 

B.  H.  BRANCH  (Johns  Hopkins,  '95, 
Baltimore  Polytechnic  Institute)  entered 
the  employ  of  the  General  Electric  Com- 
pany in  the  testing  department,  and  has 
since  held  various  positions  with  the 
company  and  has  gone  to  the  assistance 
of  the  Edison  Company,  of  York,  Pa., 
and  the  Consolidated  Gas,  Electric  Light 
and  Power  Company,  of  Baltimore.  At 
present  he  is  an  engineer  at  the  Phila- 
delphia office  of  the  General  Electric 
Company. 

FRANK  CONRAD,  engineer,  detail 
and  supply  division,  the  Electric  Com- 
pany. When  a  boy  he  was  employed  in 
the  arc  lamp  department;  he  was  later 
engaged  in  testing  lamps,  meters,  con- 
trollers and  other  detail  apparatus. 
Much  of  the  apparatus  now  in  use  has 
been   designed   and   invented   by  him. 

C.  S.  COOK  (Worcester  Polytechnic 
Institute,  '85)  entered  the  Electric  Com- 
pany in  1887  as  an  engineer.  He  con- 
structed and  operated  a  number  _  of 
plants,  made  a  specialty  of  the  applica- 
tion of  motors  to  industrial  service, 
especially  that  in  steel  mills;  has  been 
an  engineering  salesman  and  manager  of 
the  Pittsburg  office,  and  is  now  _  tlie 
head  of  the  railway  and  lighting  divis- 
ion of  the  sales   denartment. 

WILLIAM  COOPER  attended  Cor- 
nell University,  where  he  was  in  the 
class  of  1887.  Subsequently  he  was  for 
three  years  chief  engineer  and  master 
mechanic  of  the  Twin  City  Rapid  Tran- 
sit Company;  in  the  railway  engineering 
department  of  the  General  _  Electric 
Company  for  three  years;  chief  engi- 
neer and  superintendent  of  the  Bullock 
Electric  Mfg.  Company  for  six  years. 
At  present  he  is  in  charge  of  the  control 
section  of  the  railway  engineering  de- 
partment of  the  Electric  Company. 

A.  W.  COPLEY  (Univ.  of  Kansas, 
'03)  took  the  apprenticeship  course  and 
has  since  given  especial  attention  to  the 
testing   and   calibration   of   standard   in- 


struments and  to  various  particular 
problems,  especially  those  involving  al- 
ternating currents. 

O.  II.  CROSSEN.  The  contribution 
by  Mr.  Crosscn  describes  certain  work 
which  he  did  when  in  charge  of  a  sub- 
station in  tlie  West.  He  is  at  present  in 
section  "C"  of  the  works  of  the  Electric 
Company. 

W.  M.  DANN  (Ohio_  State  Univ., 
'02)  took  the  apprenticeship  course  with 
the  Electric  Company  and  is  now  in  the 
transformer    engineering   department. 

J.  N.  DODD  (Princeton,  "93)  was  in 
the  engineering  department  of  the 
Walker  Company,  of  Cleveland,  for  two 
and  one-half  years.  For  five  and  one- 
half  years  he  was  electrical  engineer  for 
Dick,  Kerr  &  Company,  of  London.  Since 
1905  he  has  been  with  the  Electric 
Company  as  engineer  on  direct-current 
design. 

C.  R.  DOOLEY  (Purdue,  '00  and 
'02),  president  of  the  Casino  Technical 
Night  School,  started  with  the  Electric 
Company  in  the  dynamo  test  about  four 
years  ago.  For  about  two  years  he  has  ■ 
been  engaged  in  engineering  work  in 
connection  with  rotary  converters  and 
turbo-generators.  He  assisted  in  the 
editorial  work  of  The  Electric. Journal 
for  about  a  rear. 

C.  E.  DOWNTON  (Purdue,  '91)  was 
with  the  South  Covington  &  Cincinnati 
Street  Railway  Company  and  World's 
Columbian  Exposition  Companv ;  enter- 
ed the  Electric  Company  in  i89.t  as  a 
student.  He  was  foreman  of  the  dy- 
namo test  imtil  1902,  when  he  was  ap- 
pointed to  his  present  position  of  fore- 
man of  aonrentices. 

C.  B.  DUDLEY  (Yale,  [71  and  '74), 
chemist,  the  Pennsylvania  Railroad, 
president  for  a  number  of  years  of  the 
American  Societv  for  Testing  Materials. 
HAYDEN  FAMES  (U.  S.  Naval 
Academy,  '82)  was  for  some  time  a 
specialist  in  ordinance  work.  He  has 
successivelv  been  general  manager  of 
the  Columbia  Bicycle  Company;  organ- 
izer and  general  manager  of  the  Pope 
Seamless  Tube  Company:  organizer  and 
general  manager  of  the  Electric  Vehicle 
Company,  and  manager  of  the  vehicle 
motor  department  of  the  Electric  Com- 
pany. At  present  he  is  sales  agent  for 
parts  of  electric  and  gasoline-driven 
vehicles  at  Cleveland,  Ohio. 

CHARLES  WILLIAM  ELIOT,  pres- 
ident,  Harvard   Universitv. 

H.  I.  EMANUELhas  been  with  the 
Electric  Company  since  1903  and  has 
followed  railway  work  particularly,  be- 
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ing  in  Brooklyn  for  some  time  as  an  as- 
sistant in  installing  multiple  control 
equipment.  He  installed  the  multiple 
control  equipment  on  the  Lackawanna 
&  Wyoming  Valley  Railway  Company, 
and  is  at  present  in  charge  of  the  instal- 
lation of  multiple  control  equipments 
for  the  Electric  Company  at  the  works 
of  the  Cincinnati   Car   Company. 

C.  J.  FAY  (Case,  '03)  took  the  ap- 
prenticeship course.  Later  he  was  made 
assistant  foreman  of  dynamo  test  and 
was  for  some  time  in  charge  of  working 
up  tests.  At  present  he  is  in  charge  of 
induction   motor   testing 

H.  W.  FISHER  (Cornell,  '88)  was 
for  a  short  time  assistant  engineer  of 
Bergman  &  Company,  and  was  also  with 
the  C.  &  C.  Electric  Company.  He  was 
for  three  years  with  the  Central  Dis- 
trict Printing  &  Telegraph  Company,  of 
Pittsburg.  Since  1889  he  has  been  with 
the  Standard  Underground  Cable  Com- 
pany, of  which  he  is  now  chief  engineer. 

H.  GILLIAM  entered  the  employ  of 
the  Electric  Company  in  1897  and  a  year 
later  was  transferred  to  the  erecting  de- 
partment on  general  work.  For  three 
years  he  was  district  engineer  at  Phila- 
delphia and  for  a  year  and  a  half  dis- 
trict engineer  at  St.  Louis.  He  was  dis- 
trict engineer  at  New  York  until  1906, 
when  he  was  appointed  superintendent 
of  erection. 

DEAN  HARVEY  (Armour  Institute 
of  Technology,  '00)  was  for  five  years 
engineer  with  the  Underwriters'  Labora- 
tories at  Chicago.  l''or  two  years  after 
entering  the  Electric  Company's  employ 
he  was  engineer  on  switches,  fuses  and 
insulation.  His  present  position  is  insu- 
lation engineer. 

S.  Q.  HAYES  (Georgetown  Univ., 
'92,  Johns  Hopkins,  '94)  entered  the  em- 
ploy of  the  Electric  Companv  in  1894  as 
a  student,  was  a  draughtsman  for  six 
months  and  for  the  last  nine  years  has 
been  in  the  switchboard  division  of  the 
engineering  department.  He  is  now 
switchboard  engineer  in  charge  of  esti- 
mates and  project  work. 

G.  T.  HEDRTCK  entered  the  employ 
of  the  Electric  Companv  in  1893 ;  spent 
five  years  in  the  shop  and  then  entered 
the  erecting  department,  where  lie  has 
had  a  large  experience  on  nudtiple  con- 
trol work.  At  present  he  has  charge  of 
work  on  the  single-ohase  system  of  the 
Vallejo,  Benicia  &  Napa  Valley  Railway. 

R.  H.  HENDERSON  (Northwestern 
Univ.)  spent  several  years  in  factory 
and,  central  station  work  in  the  Middle 


West,  after  which  he  became  connected 
with  the  detail  engineering  department 
of  the  Electric  Company  and  was  for  a 
number  of  years  assistant  superintend- 
ent of  the  Newark  works..  His  present 
position  is  with  the  Sawyer-Mann  Elec- 
tric Company. 

E.  M.  HERR,  after  graduating  from 
Yale,  took  an  apprenticeship  in  railway 
shops.  He  has  been  connected  with  the 
Chicago,  Milwaukee  &  St.  Paul ;  the 
Chicago  &  Northwestern,  the  Burling- 
ton, and  was  superintendent  of  motive 
power  on  the  Northern  Pacific.  He  has 
also  been  general  manager  of  the  Gibbs 
Electric  Company.  About  eight  years 
ago  he  came  to  the  Westinghouse  Air 
Brake  Company,  of  which  he  has  been 
vice  president  and  general  manager. 
For  the  last  year  and  a  half  he  has  been 
first  vice  president  of  the  Electric  Com- 
pany. 

J.  M.  HIPPLE  (Ohio  State  Univ., 
'98)  has  been  with  the  Electric  Com- 
pany since  1898.  After  spending  some 
time  in  the  shop  and  testing  department, 
he  entered  the  engineering  department 
and  is  now  section  engineer  on  direct- 
current  apparatus  in  the  industrial  divis- 
ion. Mr.  Hippie  has  recently  been  en- 
gaged in  the  development  of  auxiliary- 
pole  variable   speed  motors. 

L.  F.  HOWARD  (Mass.  Inst,  of 
Technology,  '95)  was  employed  in  the 
U.  S.  Light-house  department  until  1889, 
when  he  took  up  power  station  work  in 
the  electrical  engineering  office  of  the 
Boston  Elevated  Railroad.  Later  he 
was  transferred  to  the  signal  depart- 
ment, where  he  remained  until  1905, 
when  he  accepted  his  present  position  as 
electrical  engineer  with  the  Union 
Switch  &  Signal  Companv. 

J.  B.  INGERSOLL  entered  the  cm- 
ploy  of  the  Electric  Company  in  1S94 
and  spent  about  five  years  in  tiic  testing 
department,  when  he  was  transferred  to 
the  erecting  department.  He  was  with 
the  Montreal  Street  Railway  for  about 
a  year  in  charge  of  their  operating  de- 
partment and  is  at  present  assistant  gen- 
eral manager  and  cliief  engineer  for  the 
Spokane  &  Inland  Railwav  Companv. 

R.  P.  JACKSON  (Univ.  of  Mich., 
'02)  was  a  draftsman  with  the  Western 
Electric  Company,  Chicago,  and  later 
took  the  apprenticeship  course  in  the 
Electric  Companv.  He  was  for  some 
time  engaged  in  tiic  railway  engineering 
office  in  the  development  of  single-phase 
railway  control  equipment  and  recently 
has  been  appointed  engineer  in  charge  of 
protective  apparatus. 
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II.  D.  JAMES  (Univ.  of  Pa.,  '95  and 
'96)  entered  the  employ  of  the  Cutler 
Electric  Company  and  afterwards  went 
to  the  Philadelphia  iuigineering  Com- 
pany. Later  he  was  connected  with  the 
Otis  Elevator  Company's  engineering 
department  part  of  the  time  as  their  di- 
vision engineer  in  charge  of  the  Pitts- 
burg district.  He  entered  the  employ 
of  the  Electric  Company  in  1903  and  is 
now  engineer  in  charge  of  industrial 
controller  design. 

J.  E.  JOHNSTON  was  for  some  time 
engaged  in  installing  power  plant  ma 
chinery  for  the  Electric  Company  in  the 
far  west.  He  is  at  present  an  erecting 
engineer  in  the  St.  Louis  district. 

A.  C.  JORDAN  (Univ.  of  Maine,  '04) 
took  the  Electric  Company's  apprentice- 
ship course  and  is  now  a  salesman  in  the 
Pittsburg  district.  Mr.  Jordan  has 
specialized   on   raiUvay   motor   work. 

P.  O.  KEILHOLTZ  (U.  S.  Naval 
Academy,  '84;  Johns  Hopkins,  '86)  has 
specialized  on  the  design  and  operation 
of  power  and  lighting  plants.  His  pres- 
ent position  is  consulting  engineer  of  the 
Consolidated  Gas,  Electric  Light  & 
Power  Companv,   of  Baltimore. 

W.  C.  KERR  (Cornell,  '79)  was  an 
assistant  professor  at  Cornell  from  1880 
to  1883.  Since  then  he  has  been  w-ith 
the  Westinghouse  companies.  At  pres- 
ent he  is  president  of  Westinghouse, 
Church,  Kerr  &  Company,  and  first  vice 
president  of  the  Westinghouse  Machine 
Company.  He  is  also  a  trustee  of  Cor- 
nell Universitv. 

A.  KINGSBURY  (Ohio  State  Univ. 
and  Cornell,  '89)  was  instructor  and 
later  professor  in  mechanical  engineer- 
ing at  New  Hampshire  University;  me- 
chanical engineer  for  the  H.  B.  Camp 
Company ;  professor  of  applied  mechan- 
ics, Worcester  Polytechnic  Institute, 
1899  to  1903.  Since  1903  he  has  been 
mechanical  engineer  in  the  power  divis- 
ion of  the  engineering  department  of  the 
Electric  Companv. 

S.  M.  KINTNER  (Purdue,  '94)  was 
for  a  number  of  years  on  the  faculty 
of  the  Western  University  of  Pennsyl- 
vania as  professor  of  electrical  engineer- 
ing. On  coming  to  the  Electric  Com- 
pany he  entered  the  engineering  depart- 
ment, where  he  has  been  engaged  in  re- 
search work.  He  is  at  present  engaged 
in  developing  single-phase  railway  mo- 
tors. 

H.  L.  KIRKER  (Ohio  State  Univ., 
'8g)  was  for  a  number  of  years  with  the 
Electric  Company,  after  which  he  went 
abroad   and   w-as    an    engineer    with    the 


French  Westinghouse  Company  at 
Havre.  Later  he  was  in  charge  of  the 
electrification  of  the  London  Metropoli- 
tan Railway  and  of  the  Mersey  tunnel. 
At  present  he  has  in  charge  the  electric 
installation  at  the  Sarnia  tunnel. 

B.  G.  LAMME  (Ohio  State  Univ., 
'88)  was  in  charge  of  the  mill  depart- 
ment of  the  Philadelphia  Company ;  en- 
tered the  Electric  Company  in  1889;  was 
caretaker  of  the  duration  test  of  incan- 
descent lamps ;  later  was  connected  with 
the  testing  department,  and  developed 
improvements  in  arc  lighting  apparatus; 
he  proposed  and  developed  various  new 
forms  of  apparatus  and  has  been  the 
chief  designer  of  the  Electric  Company ; 
he  was  made  assistant  chief  engineer 
and  is  now  chief  engineer,  at  the  head 
of  the  engineering  department. 

W.  F.  LAMME  (Cornell)  entered  the 
student  course  of  the  Electric  Com- 
pany; was  engaged  in  experimental  and 
testing  work ;  was  connected  with  the 
exhibit  at  the  Paris  Exposition ;  has 
been  erection  engineer,  and  is  now  dis- 
trict engineer  of  the  San  Francisco 
office. 

P.  M.  LINCOLN  (Ohio  State  Univ., 
'92)  was  for  two  and  one-half  years 
with  the  Electric  Company  on  testing 
w'ork.  He  then  went  to  Niagara  Falls 
and  was  for  seven  years  electrical  super- 
intendent of  the  Niagara  Falls  Powder 
Company,  where  he  supervised  much  of 
the  early  engineering  work  done  by  that 
company.  On  his  return  to  the  Electric 
Company  he  took  up  engineering  work 
in  connection  with  power  transmissions. 
Since  1904  he  has  held  his  present  posi- 
tion as  head  of  the  power  division  of 
the  engineering  department. 

O.  S.  LYFORD,  JR.  (Yale,  '90)  took 
a  post-graduate  course  at  Cornell  in 
1890-91.  after  which  he  successively  filled 
the  following  positions :  Chief  engineer 
and  superintendent  of  Siemens  &  Halske 
Electric  Company,  1895-1897;  chief  en- 
gineer of  the  Electric  Company,  1897- 
1899;  vice  president  and  general  man- 
ager Siemens  &  Halske  Electric  Com- 
pany. 1899-1900.  Since  1900  he  has  filled 
his  present  position  of  chief  electrical  en- 
gineer of  Westinghouse,  Church,  Kerr 
&  Companv. 

T.  D.  LiNCH  (W.  Va.  Univ.,  '91) 
was  with  the  civil  engineering  firm  of 
G.  W.  G.  Ferris  &  Company  from  1891 
to  1896  in  shop  and  mill  inspection, 
erection  and  supervision  and  for  two  and 
one-half  years  was  western  manager  in 
charge    of    their    Chicago    office.      From 
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1897  to  1899  he  was  an  assistant  inspec- 
tor in  the  bureau  of  steam  engineering, 
U.  S.  Navy.  Since  1900  he  has  been  with 
the  Electric  Company  in  the  capacities 
of  inspector  of  materials  and  engineer 
of  process  section  in  the  research  divis- 
ion of  the  engineering  department,  which 
latter  position  he  now  holds. 

PAUL  MacGAHAN  (Columbia,  '96) 
was  born  in  France,  where  his  father 
was  an  American  war  correspondent. 
He  entered  the  employ  of  the  Electric 
Company  in  1896,  and  after  two  years' 
shop  work,  went  into  the  work  of  de- 
veloping new  lines  of  instruments  which, 
at  that  time,  comprised  only  the  Shallen- 
berger  and  type  C  indicating  meters.  At 
first  he  acted  as  assistant  to  Mr.  Frank 
Conrad.  He  is  now  engineer  in  charge 
of  instrument  and  relav  work. 

A.  M.  MATTICE  (U.  S.  Naval  Acad- 
emy,'84).  From  1879  to  1883  he  was  an 
instructor  in  engineering  at  the  Naval 
Academy.  In  1887  he  was  assistant  en- 
gineer in  chief  of  the  navy.  From  1889 
to  1900  he  was  chief  assistant  of  E.  D. 
Leavitt,  of  Boston.  In  1900  he  became 
chief  engineer  of  the  Electric  Company, 
and  in  1903  chief  engineer  of  the  West- 
inghouse  Machine  Company.  In  1904  he 
went  to  the  Allis-Chambers  Company  as 
their  chief  engineer.  More  recently  he 
has  been  engaged  as  general  consulting 
engineering  in  New  York  Citv. 

E.  S.  McClelland  has  filled  the 
position  of  assistant  chief  engineer  of 
the  Westinghouse  Machine  Company 
ever  since  that  office  was  created  about 
four  years  ago.  Previous  to  tliat  he  was 
for  a  number  of  years  chief  draftsman. 
Mr.  McClelland  began  work  with  the 
company  before  the  drafting  department 
was  divided  up  into  gas  engine,  turbine, 
producer  and  other  divisions  and  has 
thus  acquired  a  broad  knowledge  of  the 
companv's  various  products. 

W.  G.  McCONNOX  (Iowa  State 
College)  entered  the  employ  of  the  Elec- 
tric Company  in  1894.  He  has  had 
charge  of  installations  at  the  Third  .^ve- 
nue  Railwav  Company,  New  York,  and 
the  large  higli-tension  installation  for 
the  Missouri  River  Power  Company.  He 
was  district  engineer  at  i^altimore  for 
several  years.  .\t  present  lie  is  install- 
ing tile  single-phase  system  of  tlie  Spo- 
kane &•    Inland    RaiKv.iv. 

W.  M.  McFARLAND  ( U.  S.  Naval 
Academy,  "79)  was  a  specialist  in  ma- 
rine engineering  for  a  number  of  years. 
He  was  assistant   professor  of  mechan- 


ical engineering  in  Cornell  University 
from  1883  to  1885.  In  1893  he  was  sec- 
retary of  the  division  of  marine  engi- 
neering of  the  International  Engineering 
Congress  and  in  1897  delegate  represent- 
ing the  navy  department  at  the  Con- 
gress of  Naval  Architects  and  Marine 
Engineers.  Mr.  McFarland  was  an  as- 
sistant to  the  engineer  in  chief  of  the 
navy  from  1889  to  1894  and  during  the 
years  1897-8  was  principal  assistant. 
Since  1899  he  has  been  connected  with 
the  Electric  Company,  since  1900  as  act- 
ing vice  president.  He  was  lecturer  on 
engineering  subjects  for  Cornell  Uni- 
versity from  1900  to  1904. 

G.  E.  MILLER  (Univ.  of  :Missouri, 
'95),  after  graduation,  spent  several 
years  in  educational  and  engineering 
work;  came  with  the  Electric  Company 
in  1899,  devoting  most  of  his  time  to 
special  work  in  the  sales  department. 
He  is  now  assistant  to  the  manager  of 
the  railway  and  lighting  department. 

ANDREW  McTIGHE  was  in  the  de- 
tail department  of  the  Electric  Company 
for  a  number  of  years.  In  1904  he  en- 
tered the  erecting  department  as  expert 
on  instruments  and  detail  apparatus. 

N.  J.  NEALL  (Mass.  Ins^^Pof  Tech- 
nology. '00),  after  graduation,' served  an 
apprenticeship  with  the  Pennsylvania 
Railway.  Mr.  Neal  was  for  a  number 
of  years  an  engineer  with  the  Electric 
Company  engaged  in  the  development 
of  protective  apparatus.  While  with  the 
company  he  traveled  all  over  the  coun- 
try visiting  power  stations  and  securing 
a  large  amount  of  data  on  lightning  pro- 
tection, lie  has  recently  opened  a  con- 
sulting engineering  office  in  Boston. 

F.  D.  NEWBURY  (Cornell.  01)  en- 
tered the  employ  of  the  Electric  Com- 
pany in  1901  as  an  engineering  appren- 
tice. Since  t<)03  he  has  been  in  the  en- 
gineering department.  He  was  the  first 
editor  of  Thk  Electric  Journ.vl  and  is 
now  a  member  of  its  |>ublication  com- 
mittee. He  is  now  serving  his  second 
term  as  president  of  the  l<;iectric  Club. 

L.  A.  OSBORNE  (Cornell.  'oO  en- 
tered the  Newark  works  of  the  Electric 
Company;  engaged  in  erection  and  test- 
ing w(M-k,  sucli  as  tile  calibration  of  in- 
struments; came  to  ICast  Pittsburg  after 
the  removal  of  the  Newark  works;  was 
connected  with  the  superintendent's  of- 
fice, worked  out  a  new  system  of  pro- 
duction, which  is  the  basis  of  the  pres- 
ent system;  was  made  assistant  superin- 
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tendent  in  charge  of  production  and  was 
later  made  assistant  to  vice  president, 
then  manager  of  works,  fourth  vice 
president,  third  vice  president,  and  sec- 
ond vice  president  in  charge  of  the  en- 
gineering and  sales  departments,  which 
position   he  now   liolds. 

GEORGE  PARSONS  (Cornell),  af- 
ter working  with  a  number  of  electric 
light  and  power  companies,  served  a 
few  months  on  the  Electric  Company's 
apprenticeship  course  and  in  the  process 
department  on  economy  of  manufacture 
and  then  entered  the  manager  of  works 
department  where  he  is  now  an  acting 
assistant  superintendent. 

J.  S.  PECK  (Cornell,  '92)  entered  the 
employ  of  the  Electric  Company  in  1893, 
was  in  the  students  course  for  a  number 
of  months,  after  which  he  was  transfer- 
red to  the  laboratory.  From  1895  to 
1904  Mr.  Peck  was  in  charge  of  the 
transformer  engineering  office.  He  is  at 
present  consulting  electrical  engineer  of 
the  British  Westinghouse  Company. 

T.  S.  PERKINS  (Worcester  Poli- 
technic  Institute,  '93),  after  several 
months  on  the  apprenticeship  course 
of  the  Electric  Company,  entered  the  de- 
tail engineering  department  in  1894.  Be- 
fore taki.ng  up  electrical  work,  he  was 
assistant  .  .  .ayer  and  later  assistant  su- 
perintendeht  of  the  Pennsylvania  Lead 
Company.  His  present  position  is  head 
of  the  detail  and  supply  division  of  the 
engineering  department  of  the  Electric 
Companv. 

C  S.' POWELL  (Ohio  State  Univ.. 
'93)  entered  the  apprenticeship  course  of 
the  Electric  Company ;  was  connected 
with  the  correspondence  and  sales  de- 
partments ;  manager  of  the  Cleveland 
office;  was  connected  for  several  years 
with  the  British  Westinghouse  Com- 
pany. He  is  now  located  in  New  York 
as  general  agent  of  the  Electric  Com- 
pany. 

H.  G.  PROUT  (Univ.  of  Mich,  and 
Yale)  was  in  the  Civil  War  from  1863 
to  1865.  He  entered  U.  of  M.  in  1867, 
graduated  as  a  civil  engineer;  was  en- 
gaged on  a  survey  of  the  Great  Lakes 
and  later  on  railroad  surveys  and  on 
reconnaissance  work  in  the  Rocky  Moun- 
tains for  the  government.  For  nearly 
five  years  he  was  in  the  service  of  the 
Khedive  of  Egypt  as  major  of  engi- 
neers and  attained  the  rank  of  colonel 
in  the  general  staflf.  After  returning  to 
this  country  he  was  with  the  old  Switch 
&  Signal  Company  for  a  short  time,  and 
in    1887   became    editor    of    the    Railway 


Gazette.  He  was  one  of  the  editors  of 
the  Encyclopedia  Brittanica  and  has 
done  a  large  amount  of  writing  for  mag- 
azines and  the  daily  press.  He  has  held 
office  in  a  number  of  engineering  socie- 
ties. For  a  number  of  years  past  he  has 
been  vice  president  and  general  manager 
of  the  Union  Switch  &  Signal  Companv. 

W.E.  REED  (Mass.  Inst,  of  Technol- 
ogy, '97)  took  the  Electric  Company's 
student  or  shop  course  during  the 
years  1891  to  1893.  He  studied  for 
some  time  in  Paris  in  the  laboratory 
of  Professor  Henri  Moissan,  the  chem- 
ist and  electro-installingist,  whose  work 
included  the  making  of  the  first  practical 
electric  furnace.  From  1898  to  1900  Mr. 
Reed  was  designing  engineer  of  the  So- 
ciete  Anonyme  Westinghouse,  Havre, 
France,  and  from  1900  to  1903  was  their 
chief  electrician.  His  present  position 
is  designing  engineer  with  the  Electric 
Company,  where  he  makes  a  specialty  of 
induction  motor  design. 

C.  W.  RICKER  (Mass.  Inst,  of  Tech- 
nology, '01)  took  the  General  Electric 
Company's  student  course  and  then  went 
into  business  for  himself  as  a  mechan- 
ical engineer.  Later  he  became  elec- 
trical engineer  for  the  Electric  Securi- 
ties Company ;  with  local  companies  de- 
partment. General  Electric  Company, 
after  which  he  was  with  the  Cleveland 
Construction  Company,  and  with  the 
New  York  Central  Railway  in  their 
traction  department.  He  has  been  su- 
perintendent of  power  stations  of  the 
Interborough  Rapid  Transit  Company, 
of  New  York,  until  quite  recently,  when 
he  accepted  his  present  position  of  elec- 
trical engineer  of  the  Cleveland  Con- 
struction Company. 

E.  P.  ROBERTS  (Stevens  Inst,  of 
Technology.  '77)  was  for  some  years  as- 
sistant engineer  for  the  United  States 
Electric  Company.  He  was  erecting  en- 
gineer for  the  Rocky  Mountain  Brush- 
Swan  Company,  and  manager  and  con- 
sulting engineer  for  a  number  of  other 
western  companies.  He  then  became  as- 
sociate professor  of  electrical  engineer- 
ing at  Cornell  University  and  later  man- 
ager of  the  Swan  Lamp  Mfg.  Company. 
In  1893  he  formed  the  engineering  firm 
of  E.  P.  Roberts  &  Company,  of  Cleve- 
land, which  later  became  the  Roberts 
&  Abbott  Company,  of  which  he  is  now 
president. 

M.  C.  RYPINSKI  (Rose  Polytechnic 
Inst.,  '97)  was  with  the  General  Elec- 
tric Company  from  1897  to  1902  in  the 
instrument        engineering        department. 
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From  1902  to  1904  he  was  superintend- 
ent  of  the  Empire  Electric  Instrument 
Company.  He  organized  and  was  presi- 
dent "of 'the  Simplex  Company,  of  New- 
ark, N.  J.  At  present  he  is  a  meter  ex- 
pert in  the  engineering  department  of 
the  Electric  Company. 

C.  F.  SCOTT  (Ohio  State  Univ.  '85) 
took  graduate  work  at  Johns  Hopkins 
University  while  instructor  in  the  B.  & 
O.  R.  R.  Technological  School  for  ap- 
prentices; began  electrical  work  as  a 
wireman  at  the  Baldwin  Locomotive 
Works ;  entered  the  Electric  Company 
1888  in  the  testing  room;  assisted  Mr. 
Tesla  in  early  work  on  induction  mo- 
tors; was  laboratory  assistant,  assistant 
electrician,  electrician,  chief  electrician, 
and  is  now  counsulting  engineer ;  is  a 
member  of  the  publication  committee  of 
The  Electric  Journal. 

F.  H.  SHEPARD  has  been  identi- 
fied with  heavy  railway  work  from  its 
beginning.  He  was  active  in  the  orig- 
inal installation  at  the  Baltimore  tun- 
nel. He  has  given  particular  attention 
to  multiple-control  work  and  is  now 
connected  with  the  Electric  Company. 

S.  L.  SINCLAIR  for  several  years 
was  with  the  Electric  Company's  dis- 
trict engineer  at  Philadelphia  and  later 
was  transferred  to  Cleveland.  He  after- 
wards accepted  a  position  with  the 
D'Olier  Engineering  Company  in  Phila- 
delphia, but  about  a  year  ago  returned 
to  the  Electric  Company  and  is  now 
connected  with  the  erecting  department 
in  New  York. 

C.  E.  SKINNER  (Ohio  State  Univ., 
'90)  entered  the  Electric  Company's 
controller  department  and  was  sub- 
foreman  and  later  was  in  the  armature 
winding  department  as  inspector;  an  in- 
vestigation of  certain  difficulties  in  in- 
sulation was  the  beginning  of  many 
years  of  specialization  in  the  prepara- 
tion and  use  of  insulating  material  and 
methods  of  testing;  he  has  become  an 
expert  in  the  use  of  materials  in  elec- 
trical apparatus,  and  is  now  head  of  the 
research  division  of  the  engineering  de- 
partment. 

E.  H.  SNIIT'IN  became  associated 
with  Westinghousc,  Church,  Kerr  & 
Company  in  1886,  first  as  a  salesman  and 
afterwards  as  sales  manager.  In  1903, 
when  the  Machine  Company  organized 
a  sales  department,  Mr.  Sniffin  was 
made  sales  manager.  In  addition  to  his 
position  as  sales  manager  he  was  in 
1905  elected  third  vice  president. 


K.  E.  SOMMER  (Cornell,  '96)  began 
with  the  Electric  Company  as  a  student. 
He  entered  the  erecting  department  in 
1900  and  is  now  district  engineer  at  the 
Baltimore  office. 

W.  R.  STINEMETZ  (Lehigh, '93)  was 
with  G.  O.  Branifif,  Mexico,  one  year. 
In  1896  he  came  to  the  Electric  Com- 
pany as  a  special  student  and  in  1901 
entered  the  erecting  department.  He  was 
transferred  in  1905  to  the  French  West- 
inghouse  Company  to  take  charge  of 
single-phase  railway  installations  in 
Italy. 

N.  W.  STORER  (Ohio  State  Univ., 
'91)  entered  the  Electric  Company's 
student  course  and  was  later  in  charge 
of  electrical  work  in  connection  with 
the  drafting  department  and  experimen- 
tal and  commercial  testing;  for  a  num- 
ber of  years  he  had  charge  of  the  engi- 
neering work  in  connection  with  direct- 
current  motors  and  generators,  and  is 
now  head  of  the  railway  division  of  the 
engineering  department. 

H.  G.  STOTT  (College  of  Arts  and 
Sciences,  Glasgow)  was  for  four  and 
one-half  years  assistant  electrician  tor 
the  Anglo-American  Telegrapii  Com- 
pany when  he  went  to  the  Brush  Elec- 
trical Engineering  Company,  of  London. 
On  coming  to  this  country  he  was  for 
nine  years  electrical  engineer  of  the  Buf- 
falo General  Electric  Company.  He  is 
at  present  superintendent  of  motive 
power  of  the  Interborough  Rapid  Tran- 
sit Company,  of  New  York  City. 

C.  F.  STREET  was  with  the  Buckeye 
Engine  Company  for  three  years  as  an 
apprentice  and  in  drafting  department. 
For  four  years  he  was  chief  draftsman 
of  the  Chicago,  ^Milwaukee  &  St.  Paul 
Railway  and  for  one  year  was  in  the 
engineering  department  of  the  AUis- 
Chalmers  Company.  For  seven  years 
was  editor  and  manager  of  the  Railway 
&  luiginccring  Review.  He  spent  a  year 
in  making  a  tour  around  the  world  in 
the  interests  of  the  l-'icld  Columbian 
Museum  of  Chicago.  For  three  years 
he  was  manager  of  the  railway  depart- 
ment of  the  Dayton  i\lalleable  Iron 
Company  and  for  tlucc  years  manager 
of  the  railway  department  of  the  Well- 
man  -  Seaver  -  Morgan  Company.  His 
present  position  is  comniercial  engineer 
for  the  Electric  Company. 

H.  R.  STL1.\RT  look  a  special  course 
at  Mass.  Inst,  of  Technology.  He  enter- 
ed the  employ  of  the  Electric  company 
in  1897,  and  after  a  year  or  two  in  the 
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drafting  department,  entered  the  detail 
engineering  department.  At  present  he 
is  engineer  for  the  American  Telcgra- 
phone  Company,  of  Wheeling,  W.  Va. 

J.  W.  SWEENEY  has  been  with  the 
Electric  Company  since  1888  and  had 
charge  of  some  of  the  early  important 
installations.  He  was  in  France  for  five 
years  installing  and  operating  some 
large  power  stations,  after  which  he 
was  for  two  years  with  the  British 
Westinghouse  Company.  Since  return- 
ing to  this  country  he  has  been  in  the 
Electric  Company's  erecting  department. 
H.  B.  TAYLOR  (Univ.  of  Tenn.,  '98) 
spent  the  two  years  following  his  gradu- 
ation in  the  testing  and  engineering  de- 
partments of  the  Electric  Company,  af- 
ter which  he  was  employed  in  the  draft- 
ing room  of  the  Union  Iron  Works,  San 
Francisco,  for  a  short  time.  On  his  re- 
turn to  the  Electric  Company  he  went 
into  the  engineering  work  on  switch- 
board design.  The  following  year  he 
took  charge  of  the  standard  house  and 
the  standardizing  of  precision  instru- 
ments, which  position  he  now  holds. 

P.  H.  THOMAS  (Mass.  Inst,  of 
Technology,  '93)  entered  the  student 
course  of  the  Electric  Company  and  was 
inspector  of  returned  transformers;  his 
minute  and  analytical  method  of  inspec- 
tion was  a  good  basis  for  his  subsequent 
experimental  work  on  insulating  mate- 
rial and  his  investigations  of  high-ten- 
sion phenomena  and  protective  appa- 
ratus ;  for  several  years  he  has  been 
connected  with  the  Cooper- Hewitt  Elec- 
tric Company,  of  which  company  he  is 
now   electrician. 

W.  H.  THOMPSON  (Purdue,  '98) 
was  employed  by  the  Wagner  Electric 
Mfg.  Company  from  1899  to  1901.  Since 
1901  he  has  been  with  the  Electric  Com- 
pany. At  present  he  is  an  engineer  in 
the  transformer  engineering  department. 
CALVERT  TOWNLEY  (Yale,  '86) 
entered  the  Electric  Company  in  1887 ; 
was  successively-  road  engineer,  assistant 
to  the  general  agent,  salesman,  in  charge 
of  ofifice  and  correspondence  under  the 
vice  president,  assistant  to  the  first  vice 
president  in  New  York,  manager  at  Bos- 
ton, general  agent  located  at  New  York ; 
for  two  years  has  been  at  New  Haven, 
and  is  now  first  vice  president  of  the 
Consolidated  Railway  Company  and  con- 
sulting engineer  for  the  New  York,  New 
Haven  &  Hartford  Railway  Company. 

THEODORE  VARNEY  (Mass.  Inst, 
of    Technology,    '94)     has     successively 


held  the  following  positions:  One  year 
with  Jenney  Electric  Motor  Company; 
two  years  with  the  Commercial  Electric 
Campany;  four  years  as  electrical  in- 
spector with  the  National  Board  of  Fire 
Underwriters  at  Chicago;  for  the  last 
five  and  one-half  years  has  been  with  the 
Electric  Company  in  the  detail  and  rail- 
way   engineering   departments. 

F.  C.  VEIISLAGE  is  one  of  the 
Electric  Company's  single-phase  rail- 
way experts.  He  has  been  with  the 
company   about   twelve   vears. 

J.  E.  WEBSTER  (Univ.  of  Wiscon- 
sin, '94)  took  the  apprenticeship  course 
with  the  Electric  Company,  after  which 
he  entered  the  engineering  department. 
For  some  time  he  was  section  engineer 
on  railway  motors,  general  engineer  in 
the   railway   division. 

G.  B.  WERNER  (Columbia,  '05)  en- 
tered the  apprenticeship  course  of  the 
Electric   Company   in    1905. 

E.  C.  WHEELER  was  in  various  de- 
partments of  the  Electric  Company  from 
1898  to  1902.  After  a  year  in  Mexico 
with  G.  O.  Braniff  Company,  he  en- 
tered the  erecting  department.  He  has 
been  in  charge  of  a  number  of  large  in- 
stallations in  Mexico  and  Canada  and  is 
now  in  Brazil,  S.  A. 

B.  WILEY  (Rose  Polytechnic  Inst., 
'98)  was  for  some  time  in  the  electrical 
department  of  the  U.  S.  Steel  Corpora- 
tion at  the  Homestead  works.  He  after- 
wards was  electrical  engineer  for  the 
Wellman-Seaver- Morgan  Company.  At 
present  he  is  with  the  Electric  Company 
as  commercial  engineer  in  charge  of 
steel  mill  equipments. 

R.  L.  WILSON  (Iowa  State  Univ., 
Rose  Polytechnic  Inst.,  post-graduate  at 
Johns  pfopkins)  took  apprenticeship 
course  with  the  General  Electric  Com- 
pany. He  has  been  through  various  de- 
partments of  the  Electric  Company.  For 
five  years  he  was  construction  engineer 
and  for  three  years  superintendent  of 
construction.  At  present  he  is  superin- 
tendent of  railway  construction. 

RUDOLPH  WINTZER,  author  of 
the  article  on  European  Gas  Engine 
Practice. 

F.  E.  WYNNE  (Bethany.  '97  and  '98; 
Ohio  State  Univ.,  '02)  spent  two  years 
in  the  apprenticeship  course  of  the  Elec- 
tric Company,  after  which  he  entered 
the  railway  engineering  department.  At 
present  he  is  engaged  on  project  work. 
He  is  also  an  instructor  in  the  Casino 
Technical  Night  School. 
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